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Wiilem F. Westenderp, M.A. in E.E., U. of Delit, 
Holland (1928); doctorate, R.P.I. (1947). He has 
been with General Electric since 1928 and is 
widely known for contributions to the design 
of particle accelerators and x-ray equipment. 
He is shown with first commercial irradiated 
product, Irrathene® tape. This material, devel- 
oped by Dr. Westendorp’s colleagues at G.E., 
is strengthened by exposure to electrons from 
yesonant transformer he invented (background). 








High voltage for medicine and industry 


Studies in electron physics by Dr. W. F. Westendorp of 
General Electric led to the versatile resonant transformer 


When a child on a swing wants to “go higher,” the 
easiest way for father to impart needed energy is 
through a series of gentle, properly timed pushes. Dr. 
Willem F. Westendorp of the General Electric Re- 
search Laboratory used a similar idea in creating the 
resonant transformer, a machine that increases volt- 
ages from 200 to as high as 4,000,000 in a series of 
low-frequency “‘pushes” from carefully tuned coils. 

In x-ray equipment, the resonant transformer is 
being used extensively for cancer therapy. In indus- 
try, it makes. possible the inspection of steel up to 
eight inches thick. 

As the modern scientist’s cheapest and safest source 


of high-voltage electrons, this transformer has been 
used recently in such fields of research as atomic 
energy and food and drug sterilization. It is also the 
key tool in the new area of “radiation chemistry.” 

Dr. Westendorp’s work is but one example of how 
scientists at General Electric are uncovering new 
knowledge that can contribute to better living stand- 
ards for people today and for generations to come. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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The Scope of Cell Physiology 
Conversions of Energy and Matter in 
the Organism 


Water, Gases, Salts and Pressure in the 
Cellular Environment 


Acidity and pH 
Temperature and Life 
The Effects of Radiations on Cells 


CONTENTS 


The Chemical Nature of the Cell Mem- 


brane 

Hydrolysis 

The Release of Energy in Cells: Oxida- 
tion of Nutrients 


Oxidation—Reduction Potentials of 
Enzymes in Cellular Oxidation 


Cellular Respiration, Glycolysis and 





Functional Organization of the Cell PP Sse >: 
Biochemistry of Protoplasm and Cell "notosynthesis 
Organelles Bioluminescence 
Colloidal Properties of Protoplasm General Features of Responses. of 


Chemistry and Organization of the Nu- —_— wits deompee 
cleus Action Potentials of Cells 


Movement of Water Across the Cell Development of the Action Potential 
Membrane: Osmosis Contractility 

Movement of Solutes Through the Cell Chemistry of Muscular Contraction 
Membrane in Response to a Concen- — Protoplasmic Growth and Cell Division 


tration Gradient A Brief History of Cell Physiology 
Active Transport through the Cell 


Membrane 
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Cell Physiology 


By ARTHUR C. GIESE, Ph.D., Professor of Biology, Stanford University. About 528 pages, 


with 259 illustrations. New—Just Ready. 
Help your students learn by assigning a textbook that was written with their needs in 

A miind. In relatively simplified language and in bold outline it describes the major 

problems of cell physiology, explaining their interrelationships and the current status 

of each-—without confusing details. To help the student understand the scientific 

Yew method and to develop an attitude of critical evaluation a good deal of fundamental 


experimental material is presented. Derivations of equations and more extended 


Book / chemical discussi are placed in appendices where they will be available to those 
. students who are interested, without impeding the continuous development of the 
.. subject for the average student. 


W. B. SAUNDERS COMPANY 


West Washington Square Philadelphia 5 
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the P-E MODEL 21 extends its 


ACCESSORIES FOR 


INFRARED 
ANALYSIS 


You can tackle any problem in IR analysis with 
the standard instrument in the field—the Model 
21 double beam recording infrared spectropho- 
tometer. The reason: every accessory is readily 
available and easily installed. 


COMPLETE RANGE: 6 different prism materials 
provide maximum resolution and range. Gas 
cells run from 5 cm to 10 meters in path length. 
There are both macro and micro, high and low 
pressure liquid cells, and variable path length 
cells. You can obtain polarizers, heatable cells, 
reflectance attachments, auxiliary source assem- 
blies for vertical sampling (special order ), a KBr 
pellet die, and much more. 


EASY INSTALLATION: The Model 21 is designed 
to accommodate all these accessories without 


enormous versatility through 





modifying or dismantling the instrument. Every 
accessory is designed with the instrumentin mind , 
—with an eye to compactness and accessibility. 


FAST DELIVERY: Most accessories can be obtained 
from stock. 

CONTINUAL DEVELOPMENT: P-E, engineers are 
always adding to the list of available accessories 


as new problems arise or as new techniques are 
discovered. 


Write for complete data and specifications 
on the Model 21 and accessories 


INSTRUMENT Otviston 


Perkin-Elmer Gpnzion 


NORWALK, CONNECTICUT 
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= first in precision optics 
LEITZ PHASE CONTRAST OBJECTIVES 
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The complete line of LEITZ PHASE CONTRAST OBJECTIVES makes possible a wide range 
of magnifications and working distances in phase contrast microscopy. Manufactured to the 
highest standards known to optical science, LEITZ PHASE CONTRAST OBJECTIVES include 
water and oil immersion types as well as high dry objectives with exceptionally long working 


distances. The latter, available with high contrast, are particularly desirable for tissue 
culture examinations. 


The LEITZ PHASE CONTRAST CONDENSER, when used with high dry objectives, has a 


working distance of approximately 12 millimeters—one example of the many advantages 
of LEITZ PHASE CONTRAST. 


A reputation for integrity and a tradition of service have led thousands of scientific workers to 


bring their optical problems to Leitz. If you have problems in this field, why not let us help you 
with them? 


E. LEITZ, INC., Dept. SC-6 
468 Fourth Avenue, New York 16, N.Y. 


Please send me the Leitz brochure. 





NAME, 





instruments soon. Write for information. 


STREET, 





| 
| 
| 
| 
| 
See your Leitz dealer and examine these Leitz | 
| 
1 
| 
| 
| 





a 


E. LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
Distributors of the worid-famous products of 
Ernst Leitz G.m.b.H..Wetziar Germany-— Ernst Leitz Canada Ltd. 
LEICA CAMERAS > LENSES : MICROSCOPES : BINOCULARS 
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A COMPLETELY 


$625°° 


DELIVERED 


.+. the eighteen pound, transistorized model SOO 


For the clinical accuracy your heart 
practice demands... and a degree of port- 
ability never before approached in the field 
of ’cardiography...this new Sanborn in- 
strument offers a truly remarkable answer. 

In the VISETTE you will find outstand- 
ing Sanborn quality and performance, 
achieved through the latest electronic 
techniques and the most modern princi- 
ples of instrumentation. Tiny transistors 
largely replace bulky vacuum tubes... 
entire circuits are contained in plug-in 
printed wiring panels no larger than a 
playing card ... ’cardiograms are clearly 
traced on chart paper in a new, convenient 
width. Innovations such as these have also 
made possible economies in production, 
reflected in the comparably lower price 
of the new 300 VISETTE. 

Every design feature, every component 
in this modern instrument, serves a single 
purpose: clinically accurate ’cardiograms 


HERE IS 


Ay 
SANBORN 


electrocardiograph 


with the greatest possible convenience. The 
“Sanborn man” in or near your city can 
provide complete details, and a demon- 
stration in your office if you wish. And 
of course you may try a VISETTE (as 
you can other Sanborn instruments) — 
before buying, without cost or obligation. 

To those who already own the famous 
Model 5i Viso-Cardiette, the new 
VISETTE can be an invaluable “com- 
panion” ECG — especially suited to use 
outside the office, or in hospital wards. 
Or, for those who prefer a larger instru- 
ment, using conventional 6 cm. width 
recording paper, the “51” is still available 
at $785 delivered. 


S AN BORN 
COMPAN Y 
WALTHAM 54, MASS. 
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Beckman 








PURE FRACTIONS 





FROM AN ELECTRIC CURTAIN 


Electrophoresis is a powerful method for separating mixtures in which various fractions differ in elec 
trical mobility. In the familiar paper-strip electrophoresis (like the Spinco Model R System) the various 
fractions start at one point, then migrate to form bands along the paper, providing both qualitative and 
quantitative information. 


In “curtain” electrophoresis, the mixture is fed continuously onto the top of the curtain. Each fraction 
follows its separate path and is collected iri quantity at the bottom of the curtain. A completely new 
advancement in curtain electrophoresis is the Spinco Model CP Continuous-Flow Electrophoresis unit. 
CP units have been received enthusiastically by laboratories who faced the previously difficult problem 
of preparing volumes of pure fractions from mixtures of proteins, amino acids, polypeptides, dyes — in 
fact any mixture which can be separated by paper electrophoresis. 







foo 
CP instruments are immediately available from Spinco dealers in principal cities. i i . 
Write to Spinco Division, Beckman Instruments, Inc., Stanford Park, § fh 7 ¢] 
a 


Palo Alto, California. Ask for Folder CPS. 


Beckman: 




















SpPiINCO Division 








. . PC 
International’s 


new high-speed 
angle centrifuge 
model HT 


A fully enclosed table model with 
speeds up to 17,000 r.p.m.*, forces up to 
34,390 G* and capacity of 400 ml. 





featuring 


Complete Protection for the Operator... 

Two thicknesses of heavy-gauge steel — guard bowl plus cabinet — 
protect operator from rotating head. Cover of thick plate steel is held 
securely with rugged hinge and lever lock. 





Removable Instrument Panel for Remote Control... 

Front panel unit, containing all instruments and controls can be 
removed easily from cabinet and is portable, allowing remote control 
operation when centrifuge is located in a cold room or chamber. 











Designed tor Sele Ripebelibe Complete Instrumentation... 





Electric Tachometer constantly indicates true operating speed, 
regardless of line voltage fluctuations. 
Centrifuge Inside — Controls Outside , r 
the Cold fiéem or Chaar Ammeter shows current flow for acceleration control. 
Automatic Timer shuts off centrifuge at selected time interval. 
Timer can be eliminated by. cutout switch. 
Autotransformer gives stepless speed control without heating. 


o Protective No-Voltage Relay, Pilot Light and Safety Fuse. 





1a 


Unique Cooling System... 








tia 


A specially designed air circulation system provides maximum cooling 
of head and bearings. 














*Note: speeds are obtained at 115 volts input to centrifuge; force is effective 
centrifugal force figured at the maximum radius of the material being centrifuged. 











WRITE FOR BULLETIN E 


International Equipment Co. 


1284 SOLDIERS FIELD ROAD * BOSTON 35, MASSACHUSETTS 
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Varian Strip Chart Recorders 


* 








Varian G-10 — Portable for laboratory or bench 
use where chart accessibility is of prime importance. 
Base price $340. 





The servo-balance potentiometer method has long been 
used in expensive recorders to achieve superior stability, 
sensitivity, ruggedness and high input impedance. Use of 
servo balancing systems assures full realization of these 
inherent advantages by providing ample power inde- 
pendent of the source being measured. Now Varian of- 
fers you recorders of moderate cost using this time-proven 


principle. 


Varian recorders are sold and serviced 
throughout the free world by 
representatives in principal cities. 


‘ 
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POTENTIOMETER PERFORMANCE™ AT MODERATE COST 








Varian G-11—For panel, rack or portable use; 
designed for OEM, lab or field for long-term monitor- 
ing. Base price $450. 





VARIAN SPECIFICATIONS: 


®@ Spans as low as 10 mv 
@ Limit of error 1% 
® Maximum source resistance 50K ohms or higher 


® Balancing times: 1 second or 2.5 seconds 
on G-10; 1 second on G-11 


WRITE TODAY FOR COMPLETE SPECIFICATIONS 








associates 


VARIAN 


=|INSTRUMENT 








4 DIVISION 


A AN SND | ; 





























PALO ALTO 18, CALIFORNIA 


Varian Associates manufactures Klystrons, Traveling Wave Tubes, Backward Wave Oscillators, Linear Accelerators, Microwave System Components, 
R. F. Spectrometers, Magnets, Magnetometers, Stalos, Power Amplifiers and Graphic Recorders and offers research and development services, 
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... “hen lime ts of the essence -”’ 


RECTANGULAR JARS 


for CHROMATOGRAPHY 


You can always depend upon 


Nutritional Biochemicals Corporation 


MORE TROUGHS IN LESS 
SPACE THAN IN ROUND JARS 


Size 12” by 12” by 24” | 
Pyrex brand glass 


when your needs for Research 





Biochemicals demand speedy delivery. 


@ AMINO ACIDS: PEPTIDES 
. e “VITAMIN FRER” CASEIN 
4 Troughs 104 long HYDROLYSATE 
implifi i e NUCLEOPROTEINS 
Simplified, adjustable PURINES, PYRIMIDINES 
trough suspension ¢ MISCELLANEOUS 
Glass or all-stainless-steel ; wai. 
trough assemblies een tides 
Other sizes available e GROWTH FACTORS 
MUTE tar poco agcetgony pg 
@ BIOLOGICAL SALT MIXTURES 
e BIOLOGICAL TEST 


OTHER CHROMATOGRAPHY APPARATUS 
MANUFACTURED BY RSCo 


@ Round jar units... 10” and 12” diameter 


@ No-rack units... 
jars 6" diameter, tubes 4” diameter, etc, 


@ Chromatography cabinets @ Sprayer o Electrodesalter 


MATERIALS 





NUTRITIONAL 
BIOCHEMICALS 

CORPORATION 

21010 Miles Avenue @ Cleveland 28, Ohio "nd tae 


Over 1700 Items 
Write Dept. 102 





Ask for Catalog 1356-A 


Write For 


ae) oe, ee ee oD 2 lo | 
2005 Hopkins Street G Berkeley 7, California | 




















RANGE 
0.2-35 
MICRONS 
















e Can be used for the ultraviolet, visible and infrared 
regions simply by interchange of prisms, cams and 
» scales. 





e The optical system comprises a Double Mono- 
chromator, thereby reducing scattered radiations. 
Highest spectral purity, isolation of narrow wave- 
length bands and highest resolution are inherent 
characteristics which assure optimum performance. 










e Can be supplied for manual or automatic operation. 
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This new steel pump plate is designed for experi- 
mental vacuum evaporation and sputtering of metals, 
vacuum melting of metals, vacuum impregnation, and 
for small quantity production. It also facilitates testing 
electronics components as required in the study of high 
altitude projectiles. 

Direct connection may be made to a mechanical 
vacuum pump or to an oil diffusion pump backed by 
a mechanical unit. : 

No. 94206 Cenco Pump Plate without accessories, 


#1 for connection to mechahical pump, $155.00; 
#2 for connection to an oil diffusion pump, $157.50. 





The most complete line of 
scientific instruments and lab- 
oratory supplies in the world 


CENTRAL SCIENTIFIC COMPANY 


1718-M IRVING PARK ROAD, CHICAGO 13, ILLINOIS 
BRANCHES AND OFFICES—CHICAGO * MOUNTAINSIDE, N. J. ¢ BOSTON « BIRMINGHAM * DETROIT 
CENTRAL SCIENTIFIC CO. OF CALIFORNIA—SANTA CLARA « LOS ANGELES 

REFINERY SUPPLY COMPANY—TULSA * HOUSTON 

CENTRAL SCIENTIFIC CO. OF CANADA, LTD.—TORONTO * MONTREAL * VANCOUVER * OTTAWA 
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) CENCO” 


Offers a 
NEW 

and 
greatly 
improved 


PUMP 
PLATE 


for vacuum 





evaporation 
or 


melting 
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ATMOSPHERIC 
ELECTRICITY 


By J. Alan Chalmers, M.A., Ph.D., F.Inst.P. 


Senior Lecturer on Physics in the Durham Colleges of the University of 
Durham, England. 


In writing this book, Dr. Chalmers has met the great need for an up-to-date 
and more comprehensive treatise on the subject of atmospheric electricity. 
Well illustrated with photographic plates and clear diagrammatic drawings, 
his book provides a complete account of the phenomena of fine weather as 
well as those of disturbed weather and thunderstorms. The discussion, which 
covers the many recent advances made throughout the world, proceeds from 
elementary physical principles and anticipates only a little previous knowl- 
edge on the part of the reader. An indication of the full scope of the work can 
be obtained from the table of contents given in this leaflet, and an additional 
feature of value is the inclusion of an extensive list of references to published 
papers and articles dealing exclusively with various aspects of atmospheric 
electricity. Fully indexed to facilitate easy reference, this book is a most im- 
portant addition to the literature on the subject. It will prove invaluable to 
the student and all engaged in allied fields who require a knowledge of the 
atmospheric electricity phenomena of the lower atmosphere. 


335 pages, Demy 8vo, illustrated $10.00 


To be published shortly: 


THE ARTIFICIAL 
STIMULATION OF RAIN 


Edited by: Helmut Weickman, Chairman, Committee on Cloud 
Physics, American Geophysical Union, and Waldo Smith, A.G.U. 


The subject of cloud physics has been increasing in importance in the last few 
years, and within this field the phase relating to cloud and precipitation par- 
ticles has been a very active field of research. This volume contains the 
papers presented at a conference on cloud physics and precipitation particles 
held at Woods Hole Oceanographic Institution in Massachusetts. Sponsored 
by the Geophysics Research Directorate. $15.00 


PERGAMON PRESS 


NEW YORK LONDON PARIS 
122 EAST 55th STREET, NEW YORK 22, N.Y. 
4 & 5 FITZROY SQUARE, LONDON, W.1. 24 RUE DES ECOLES, PARIS V*. 
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AAAS Dues Increase 


At the meeting of the AAAS Council last December it was proposed from 
the floor that the association should consider raising its dues—a step which 
most other associations and scientific societies have found necessary within 
the past 10 years. This proposal was considered in detail by the AAAS 
Board of Directors at its March meeting. 

Although there has been a gratifying increase in AAAS membership, 
which now stands at an all-time high of approximately 53,000, there was 
a small deficit at the close of the association’s books for 1956. In the past 
few years, despite economies and continued efficient practices, the margin 
between income and outgo has been progressively narrower. Under these 
circumstances, the board concluded that the time had come for an increase 
in the annual dues of the association. Accordingly, the board voted unani- 
mously to submit to the council a recommendation that the dues be in- 
creased from $6.50 to $8.50 per year, effective 1 January 1958. This recom- 
mendation met with approval by 87 percent of the large majority of the 
council members who returned the mail ballot. 

The dues of the association were last changed, from $5 to $6.50, on 1 
January 1948. They were changed then for the same reasons as now—a 
continued increase in such operating expenses as salaries and especially 
the printing costs of the association’s journals and other publications. Then, 
as now, there was a reluctance on the part of the board and the council 
to curtail any AAAS activities which had proved their worth or to reduce 
the quality of the publications. As before, increases in membership and in 
advertising revenue have made it possible to postpone but not to avoid an 
increase in dues. 

The AAAS has been fortunate in being able to charge smaller dues than 
most cther associations. Two recent studies, one by the National Education 
Association and the other by the American Marketing Association, have 
shown that the median annual dues for professional associations are $10, 
which is also the median for associations with 20,000 or more members. 
AAAS dues have been in the low category for scientific and professional 
associations and can well remain below the median figure of $10 for the 
foreseeable future. 

No one has to be told that the costs of goods have increased markedly 
in the last decade and that often the increase has occurred without a corre- 
sponding increase in the intrinsic value of the products. It is fortunate that 
the AAAS does not have to follow this pattern. The dues increase will be 
enough to pay the increased costs of an enlarged weekly journal, the com- 
bined Science and The Scientific Monthly, as approved by the council last 
December. Thus, beginning next January, all members who now receive 
one of the journals will receive the enlarged weekly Science, and those 
who now receive both journals for $10 per year will get about the same 
amount of material for $8.50. 

An equitable plan for putting the increase into effect has been developed. 
Present members whose terms expire on or before 1 October 1957 may 
renew their membership for an entire year at the current rate of $6.50, 
Similarly, new members who join on or before that date will be accepted 
at the same rate. Members whose terms begin at subsequent dates will be 
billed at the new rate of $8.50. 

It is hoped that the combination of the two journals and the association’s 
increased scope of activities will meet with approval by all present mem- 
bers and that a continued growth in association membership will occur 
during its 110th year. The AAAS has grown in its services to science and 
society and is needed today more than ever. 


Raymonp L. Taytor 
Associate Administrative Secretary 
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Range! 


NEW TESTS, NEW APPLICATIONS 


Simple, inexpensive tests, helpful in di- 
agnosis of coronary artery disease, can 
now be made with Bausch & Lomb Spec- 
tronic 20 Colorimeters. Special adapta- 
tion, extending instrument range to 
340my in the U-V, makes assay of serum 
glutamic-oxalacetic transaminase a rou- 
tine clinical procedure. (Detailed clinical 
method available on request. ) 

Many other new tests, including vita- 
min assays, are made possible by pinpoint 
selection of any wavelength in the 340mz- 
950myp range. 


SAME EASE, SPEED AND DEPENDABLE ACCURACY 


Easy As Tuning Your Radio! Dial instantly sets Certified- 
Precision diffraction grating to desired wavelength; no color 
filters to fuss with. 

Fastest Readings! Simply insert sample tube; instant-acting 
meter gives exact percent transmission, or optical density. 
Accurate Analyses! Narrow band pass (only 20mp) assures 
highest spectral purity. 49 clinical calibrations available. 


LOW PRICE, DOUBLE VALUE 


Colorimeter plus spectrophotometer, 375my-950myp (extended 
range to 340mzy at slight extra cost), for less than the price 
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First Steps 


toward a Genetic Chemistry 


The development of a genetic chem- 
istry—a chemistry of the genetic sub- 
stance—will undoubtedly be a long and 
exacting and inspiring task. As genetics 
is a central theme in the science of biol- 
ogy, So we may expect genetic chemistry 
to become, .in time, an integrating core 
for cellular biochemistry. 

The goals of a genetic chemistry, to 
the extent that we are presently able to 
define such goals, will be to achieve an 
understanding of the physical nature of 
the hereditary units and of the variations 
these. units undergo during the various 
phases of the life of the cell, to learn 
how these units are reproduced from 
generation to generation, to learn how 
they are modified by extrinsic or intrinsic 
factors, and to learn in precise chemical 
terms how they influence the manifold 
activities of the cells in which they re- 
side. 

We are most certainly a long way from 
these goals, and the paths to their 
achievement are by no means obvious. 
Yet I should like to summarize the evi- 
dence which leads us to believe, with 
near certainty, that we have taken a first 
and essential step toward the creation of 
a genetic chemistry—that we have, at 
least, identified one of the principal con- 
stituents of the gene, As we review this 
evidence, I believe it will be possible at 
the same time to provide a comprehen- 
sive summary of the current status of 
genetic chemistry and of the at least 
more immediate prospects for further 
advance. 








The author is professor of biophysics at Iowa 
State College of Agriculture and Mechanic Arts, 
Ames. This article is based on a lecture presented 
at California Institute of Technology on*16 Nov. 
1956. 
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Robert L. Sinsheimer 


When I was preparing this article, | 
thought back to what was said about my 
subject—that is, about the physical na- 
ture of the gene—in the course in ele- 
mentary genetics which I had some years 
ago. To the best that I could recall, 
nothing was said about it. I attributed 
this curious result to the passage of years 
and to an overcrowded memory, so | 
thought it might be of interest to see 
how this subject is treated in a current 
textbook. I examined the book which is 
presently in use in the basic genetics 
course at Iowa State College, and after 
a fairly assiduous search I managed to 
find one hint that the gene is composed 
of something more substantial than ecto- 
plasm. In the introductory chapter the 
statement appeared, “We shall discover 
that hereditary factors are complex pro- 
tein molecules which we call genes.” 
Fortunately this thesis was not devel- 
oped further in the text. 

As many know, there is a small but 
vociferous group who would like to 
modify that quotation and replace the 
word protein by the term nucleic acid— 
in particular, by deoxyribose nucleic 
acid, or DNA. Now so much has been 
written and uttered and speculated about 
DNA in the past few years that I am 
sure the concept that DNA has some- 
thing to, do with genetics is hardly new 
to you. What I shall do is to attempt to 
summarize, a bit critically, the evidence 
which has been accumulated, very 
largely within the past decade, that links 
DNA with the hereditary factors—that 
is, the genes. In so doing, I should like 
particularly to distinguish that which 
we believe we know, and that which, in 
truth, we merely suspect. 

The evidence which links the chem- 
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istry of the gene with the chemistry 0i 
DNA is at present necessarily circum- 
stantial. Such must be the case until we 
become sufficiently advanced in our un- 
derstanding that we are able to demon- 
strate the action of a gene in vitro. But 
circumstantial evidence can be of varied 
degrees of credibility. The value of cir- 
cumstantial evidence is, roughly, in- 
versely proportional to the number of 
alternative explanations that one can ad- 
vance for the observed phenomenon. 
The following eight lines of evidence, 
which are listed in a rough order of in- 
creasing significance, are, I believe, im- 
portant in establishing a correlation that 
links DNA and the hereditary factors: 
(i) the location of DNA; (ii) the spe- 
cific diploid content of DNA; (iii) the 
metabolic stability of DNA; (iv) the 
complementary structure of DNA; (v) 
the similarity of the ultraviolet absorp- 
tion spectrum of DNA and the ultravio- 
let action spectra for mutation; (vi) the 
nature of the transforming factor; (vii) 
the role of DNA in bacterial virus in- 
fection; (viii) the parallel transfer of 
genes and DNA in bacterial mating. 

The first five of these lines of evidence 
are the more indirect, and, essentially, 
they serve merely to present DNA as a 
likely candidate for a genetic role. The 
last three are more explicit. In essence 
they tell us that, in those instances where 
we observe hereditary factors to enter a 
cell, the substance DNA enters in a 
parallel manner—and, indeed, in two 
instances, only DNA is observed to enter. 
I should now like to discuss these links 
in somewhat more detail. 


Location 


The earliest circumstantial evidence 
for our thesis was simply that of location. 
One finds DNA in the structures where 
one might expect to find genes—50 to 
60 percent of the dry mass of a sperm 
head is DNA (/). Within cells, DNA, 
with a few rare exceptions, is confined 
to the chromosomes, and within the 
chromosomes it is localized to bands (2), 
the same bands to which genetic analysis 
had earlier assigned the hereditary fac- 
tors. 

The principal value of this line of evi- 
dence, which is qualitative and indirect, 
was heuristic. It suggested that it just 
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Table 1. DNA complement (haploid) of 
various organisms. 





Organism DNA complement (g) 





T2 Bacterio- 


phage 0.0002 x 10 per particle 
Escherichia coli0.01. x 10™ per cell 
Sponge 0.06 %x10™ per cell 


xX 10 per cell 
x 10™ per cell 


Coelenterate 0.3 
Echinoderm 0.9 


Teleosts 0.5-1.5 x 10 per cell 
Birds 1-20 x 10 per cell 
Turtle 2.5 x 107#-per cell 
Man 2:9 x 10 per cell 
Rat 3.0 x 10° per cell 
Cow Suz xX 10°? per cell 
Frog 7.5 x 10 per cell 
Dipnoi 50 x 10 per cell 
Amphiuma 84 x 10° per cell 
Lillium 53 x 10° per cell 








might be worth while to know a great 
deal more about DNA. And historically 
this evidence played a large role in 
the rescue of the nucleic acids from 
some 70 years of neglect. 


Specific Diploid Content 


It was a logical extension of this 
morphological implication to inquire 
whether DNA could satisfy the quanti- 
tative requirements of a specifically 
genetic substance. On morphological 
grounds, it is believed that all cells of an 
adult organism have a full diploid com- 
plement of chromosomes, with the ex- 
ception, of course, of the gametes, which 
have a haploid complement. And care- 
ful measurements (3) have shown that, 
if appropriate corrections for polyploidy 
are made, the DNA content per cell is 
uniform among all the various types of 
tissues with the exception of the gametes, 
which have one-half the normal amount. 
Again, in polyploid cells the DNA con- 
tent appears to be discretely 2 or 4 or 8 
times the diploid value (4). Thus for a 
particular species, the DNA content ac- 
curately parallels the chromosome com- 
plement. Indeed, the constancy of DNA 
content has provided the biochemist 
with an excellent reference point to use 
in comparisons of the compositions of 
various tissues (3). 

Another type of quantitative correla- 
tion that was attempted in this manner 
did not prove quite so successful. It 
might have been pleasing if one could 
have correlated the diploid DNA con- 
tent with biological complexity. One 
might have expected that, in the course 
of evolution, the development of more 
complex organisms was associated with 
a greater and more varied DNA content. 
To some extent this is true, but as Table 
1 indicates, the exceptions are such as to 
make the whole hypothesis at present 
rather suspect (6). 
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While the constancy of the diploid 
content of DNA was a pleasing confirma- 
tion of our hypothesis, this result raised 
certain questions. This constancy obvi- 
ously could not be true of a growing 
tissue. The DNA content of the cell must 
double at some stage. This thought has 
led to several experiments which indicate 
that the duration of DNA synthesis is 
relatively brief and that synthesis gen- 
erally occurs in interphase or in early 
prophase (7). Furthermore, the con- 
stancy of over-all DNA content raises 
anew the question of the physical basis 
of cellular differentiation. Many people 
of course believe differentiation to be a 
matter of cytoplasmic origin rather than 
of nuclear basis. Frankly, this view af- 
fronts my sense of cellular integration. 
The constancy of DNA content does 
seem to imply that differentiation is not 
a matter of the loss of certain genes or 
of excess replication of others. But it 
does not indicate that all the genes are 
functional. And, indeed, there are sev- 
eral lines of evidence which suggest that 
not all the DNA of mature cells is in 
the same physical state. Studies by en- 
zymic extraction of nuclei (8), by salt 
extraction of tissue (9), by fractionation 
of isolated DNA (10), and studies of 
methyl-green binding in nuclei (//) 
suggest that the associations between 
DNA and other cellular constituents are 
not uniform within a cell and are physio- 
logically variable. I would suggest that 
investigation of these leads. with more 
refined techniques could prove to be of 
great value. 


Metabolic Stability 


The third item of indirect evidence as- 
sociating DNA with the gene is the mat- 
ter of the metabolic stability of DNA. 
This is certainly not a sufficient proof, 
nor is it really even necessary, but in a 
way it is satisfying to believe that the 
physical basis of the gene—the factor 
that is passed on from cell generation to 
cell generation—is physically conserved 
in the process. Despite several appar- 
ently misleading reports, it now appears 
to be generally agreed that DNA is 
metabolically inert—once an atom is in- 
corporated into a DNA molecule, it re- 
mains there for the life of the cell (/2). 
The only evidence with which I am 
familiar which appears contrary to this 
conclusion is that of Zamenhof on the 
incorporation of bromouracil into DNA 
in bacteria in stationary phase (1/3). 
This may be a special situation. 

The metabolic stability of DNA in 
turn permits one to exclude certain hy- 
potheses concerning its function. How- 
ever DNA may function, it is clearly 
not, for instance,.a precursor of cyto- 
plasmic ribose nucleic acid (RNA), nor 
does it seem to form linkages with other 


substances that would labilize its com- 
ponents. These are negative conclusions, 
but they help to delimit the problem. 


Structure 


As we continue our list of associations 
and properties which suggest that DNA 
is a highly logical candidate for the gene, 
we might observe that the very structure 
of DNA is at least compatible with this 
notion. Indeed, Hershey (14) has said, 
“Tf one wished to invent a genetic ma- 
terial, one would almost certainly choose 
a DNA constituted along the lines pro- 
posed by Watson and Crick.” 

The generally accepted structure for 
DNA is the two-ply helix first proposed 


by Watson and Crick (15) and shown in | 


Fig. 1. Each chain is a string of nucleo- 
tides, of which there are four or five 
kinds in a given chain. The nucleotides 
each contain a phosphate residue, a de- 
oxyribose, and one of the purine or pyri- 
midine bases shown in Figs. 2 and 3. The 
two chains of the helix are complemen- 
tary in that specification of one enables 
one, almost, to specify the other. Ade- 
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Fig. 1. Molecular model of the two-strand 
helix of DNA. [Courtesy of L. D. Hamil- 
ton] 
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dicate a considerable difference in the 


m. gr i WN oo a Ne Po ea distribution of cytosine and 5-methyl- 
F | | CH | I Nou l l cytosine (Table 2). It is hard to envi- 
ac C—N’ C C—N~ N C—CH; sion how such a distribution can be ex- 
Qn 7 nun’ SN Nn J N—6F plained by a replication scheme guided 

2 H by simple complementarity. 
tions A more conclusive argument against 
DNA sebatnn Gueniae Thymine a simple complementarity mechanism 
gene, ; , of replication arises from the following 
cture Fig. 2. Three heterocyclic groups found in all DNA preparations. data. In T2 bacteriophage there is no 
1 this cytosine—it is replaced by 5-hydroxy- 
said, methylcytosine (HMC). Furthermore, 
mo nine is always opposite thymine and been made on DNA from mature cells, about 77 percent of this 5-hydroxy- 
hoose | guanine is opposite cytosine (Fig. 4). such as thymus or DNA from cells with methylcytosine is substituted by glucose. 
proas Then the basic information, which if it | a migratory mission, sperm or phage. 1 | Now the DNA of T2 bacteriophage has 
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“re alternative hypothesis. deserves a closer look. In its simplest droxymethylcytosine lacking glucose is 
ia As a further bit of fancy, it has been form, it would limit the composition of confined to the large piece—that is, 
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suggested that when the DNA is to be 
duplicated, the chains in some manner 
separate, perhaps only a small segment 
at a time, and each chain serves as a 
template upon which to build up its 
complement, resulting in two chains like 
the original. Various modes of accom- 
plishing this feat have been proposed 
which would result in various distribu- 
tions of the original parental material 
among the daughters (/6). 

I would like to comment briefly on 
the Watson-Crick structure and the as- 
sociated proposals. We may ask, does this 
structure apply to all DNA and at all 
times? The evidence that originally led 
to its formulation was the x-ray diffrac- 
tion patterns of DNA fibers obtained by 
Wilkins and by Franklin (17). Such 
data, which arises from only the ordered 
regions of the fibers, provides informa- 
tion about only the ordered regions. 
Hence it can logically be said to apply 
only to that fraction of the fiber which 
is ordered. Estimates of this fraction 
range from 5 to 50 percent. 

More conclusive evidence for the gen- 
erality of a two-fibered structure is now 
available from the physical-chemical 
studies of Thomas (/8) and of Schu- 
maker, Richards, and Schachman (19). 
Both groups conclude from studies of the 
changes in light-scattering or in viscosity 
during enzymatic degradation of DNA 
that the great bulk—more than 90 per- 
cent—of their preparations must have 
been in the form of double chains. 

In addition, the generally found near 
molar equality of adenine and thymine 
and of guanine and cytosine (20) is very 
neatly explained by this structure. 

However, all the x-ray and physical 
studies with which I am familiar have 
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DNA to four kinds of nucleotides. In 
fact, many, if not most, DNA’s studied 
have five types (22). Most of the natural 
variants involve a perturbation upon the 
five position of cytosine. 

In general, when such variants occur, 
the molar proportion of cytosine plus 
the substituted cytosine equals the molar 
proportion of guanine. However, the 
modified cytosine does not appear to be 
randomly introduced in exchange for 
cytosine. Studies of the dinucleotides ob- 
tained by the action of pancreatic deoxy- 


only about 60 percent of the large piece 
is glucose-substituted, while all of the 
glucose of the small pieces is so substi- 
tuted. Since these components of T2 
DNA are all replicated in the same cell 
at the same time, the limited glucose 
substitution of the large piece cannot 
reasonably be ascribed to some metabolic 
limitation. Hence it would appear (to 
put the matter mechanistically) that 
when the replication of the large piece 
takes place, the machinery knows when 
to put in glucose-substituted 5-hydroxy- 
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Fig. 3. Cytosine and the various substituted cytosine rings found in some DNA prepara- 


tions. 
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methylcytosine or when to insert unsub- 
stituted 5-hydroxymethylcytosine, for the 
glucose content remains unchanged 
through many generations. 

To me, then, it appears that these per- 
turbations of the nucleotides are signifi- 
cant and that replication of DNA in- 
volves a more precise mechanism than of 
simple complementarity. 


Ultraviolet Spectra 


The next piece of indirect evidence 
that I have cited for the association of 
DNA with the gene is the correlation of 
the ultraviolet action spectra for pro- 
duction of mutations in various organ- 
isms with the general shape of the ultra- 
violet absorption spectra of nucleic acids 
(26). To go beyond this simple corre- 
lation is certainly hazardous. We do not 
know what, physically, constitutes a mu- 
tation. Nor are we as yet very clear 
about what happens to DNA after the 
absorption of an ultraviolet photon. 

As I indicated in the previous section, 
we suspect that the information content 
of a DNA molecule is contained in the 
sequence of its nucleotides. We know 
painfully little concerning such se- 
quences. Most physical measurements 
suggest that DNA preparations as gen- 
erally obtained consist of double chains 
varying in molecular weight from a few 
millions to several tens of millions—that 
is, of chains varying from a few thou- 
sand to tens of thousands of nucleotides. 
All DNA preparations to date have un- 
doubtedly consisted of a mixture of a 
great many such molecules. One calf 
thymus nucleus would contain several 
hundred thousand of such molecules, 
presumably of many, many species. 
Hence any information obtained about 
sequence from such a preparation could 
only be of a statistical nature. A limited 
amount of information is available (23), 
such as is shown in Table 3, which lists 
the molar proportions of the various di- 
nucleotides isolated from a deoxyribo- 
nuclease digest of calf thymus DNA. 

It is possible in this way to specify the 
nucleotide sequence about some 10 per- 
cent of the phosphate links. I am confi- 
dent that it will be possible to increase 
this fraction to 30 or 40 percent within 
a few years. 

To proceed much further in sequence 
studies, which we expect will surely be 
necessary for the further understanding 
of mutation, we must be able to provide 
homogeneous preparations of DNA, as 
the protein chemists can now do with, 
say, insulin or ribonuclease. There seem 
to be two approaches open to this prob- 
lem. One is to attempt to fractionate the 
components of these mixtures. Consider- 
able effort is being expended upon such 
fractionation, and some success (10, 27) 
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has been obtained (Fig. 5). The actual 
basis of these empiric fractionations is, 
however, still not understood. 

The other approach would be to seek 
a biological system in which there were 
only a few—or ideally, one—type of 
DNA molecule. The viruses are the ob- 
vious choice for such an approach, and 
among these, the smaller the better. We 
have recently isolated a bacterial virus 
with a DNA content of about 2 million 
per particle—some 3000 nucleotide pairs. 
We do not as yet know whether the 
DNA is in one piece, but in any event, 
this virus should provide the closest ap- 
proach yet to a homogeneous DNA, and 


ADENINE 





GUANINE 





° 
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sequence data upon its DNA may begin 
to acquire more than statistical signifi- 
cance. 

If we believe that mutation consists 
of a change in nucleotide sequence, then 
we might inquire whether it could be 
possible to induce specific types of ge- 
netic alteration by the introduction of 
specific kinds of changes in nucleotide 
composition. Thus one can substitute 
5-bromouracil for thymine and, as Lit- 
man and Pardee, and Zamenhof e¢ al., 
have shown (28), this is a highly muta- 
genic device. Whether the mutations in- 
duced are actually the product of specific 
tampering with the thymine residues or 


THYMINE 








CYTOSINE 





Fig. 4. The complementary base pairs of DNA. 
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Table 2. Comparison of the distribution 
of deoxycytidylic acid (C) and 5-methyl- 
deoxycytidylic acid (M) among the dinu- 
cleotides obtained from calf thymus DNA 
by digestion with pancreatic deoxyribo- 
nuclease. 





Mole Mole 
C-Dinu- fraction M-Dinu- fraction 





cleotide of cleotide of 
digest digest 
C-p-C-p- 1.11 M-p-M-p- 0 
C-p-T-p- 0.78 M-p-T-p- 0 
T-p-C-p- 2.34 T-p-M-p- 0 
C-p-A-p- 0 M-p-A-p- 0 
A-p-C-p- 3.22 A-p-M-p- 0 
C-p-G-p- 0.75  M-p-G-p- 0 
G-p-C-p- 0.12 G-p-M-p- 1.03 





whether they are merely a general result 
of perhaps upsetting the pace of DNA 
synthesis remains to be determined. 

We have some reason to believe that 
the effects of ultraviolet radiation will be 
to some extent localized to the cytosine 
residues (29). Such irradiation then 
may, under favorable circumstances, 
provide a specific kind of altered nucleo- 
tide sequence. Further understanding of 
genetic chemistry will almost certainly 
lead to more specific means of producing 
genetic modifications. 


Transformation 


As we now consider, briefly, the more 
explicit lines of evidence it will be wise 
to keep in mind that these all are, at 
present, demonstrable only with micro- 
organisms and so their generality is thus 
unproved, even if often assumed. 

The now classic tale of the transform- 
ing factor must be well known. Expo- 
sure of cells of strains of certain types of 
microorganisms to pure DNA from re- 
lated donor strains which have distin- 
guishing immunological or biochemical 
characteristics can result in the perma- 
nent acquisition by the first strain of the 
phenotypic character of the donor strain. 
Furthermore, the DNA of the trans- 
formed strain then has the power to pass 
the acquired characteristic on to still 
other strains (30). Studies involving the 
simultaneous transfer of two or more 
characteristics have shown the possibility 
of linkage which will again persist in the 
DNA of the transformed strain. This 
linkage must be thought to reside in the 
molecules of the DNA preparation (3/). 

That the DNA accomplishes _ this 
transformation by actual entry into the 
transformed cell has been shown by the 
elegant tracer studies of Goodgal and 
Herriot (32), and indeed they have ob- 
tained the pleasing result that on the 
average, per specific transformation, an 
amount of DNA equivalent to the DNA 
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complement of one cell must enter the 
transformed cell. 

Physically these DNA preparations 
with transforming power are no different 
than those prepared from varied sources. 
Indeed, the availability of a functional 
DNA has been of the greatest value, for 
assay of its biological activity has en- 
abled one to assess the effects of various 
types of preparatory procedures, storage 
conditions and so on, on DNA. 

When examined more closely, the 
phenomenon of transformation raises a 
great many questions, as has been 
thoughtfully discussed in several papers 
by Hotchkiss and by Harriet Ephrussi- 
Taylor (33). In solution, a DNA mole- 
cule is a greatly extended coil, which 
pervades a volume some 5000 to 10,000 
A in diameter. How does such a mole- 
cule get into a bacterial cell, and indeed 
what is its physical state within the cell? 
Hotchkiss has shown (34) that it is only 
at certain stages of the mitotic cycle that 
the cells are ready to receive such mole- 
cules, but we do not understand their 
mode of entry. 

And after the foreign DNA enters the 
cell, what accommodation is made with 
the indigenous DNA? Most likely some 
type of recombination process occurs. 
The occurrence of allogenic transforma- 
tions which result in cells with new 
characters, distinct from those of either 
recipient or donor strains, suggests this 
very strongly. If transformation is by re- 
combination, then how large a DNA 
piece must be exchanged between re- 
cipient and donor? It is conceivable that 
a few nucleotides at the right locus might 
be adequate. 

I mention these matters merely to in- 
dicate that while the ability of DNA 
preparations to produce hereditable met- 


Table 3. Molar proportions of dinucleo- 
tides in thymus DNA digest. M, 5-methyl- 
deoxycytidylic acid; C, deoxycytidylic 
acid; T, thymidylic acid; A, deoxyadeny- 
lic acid; G, deoxyguanylic acid. XY = X-p- 
Y-p, where Y refers to the nucleoside 
carrying the phosphate monoester group 
in each case. 








X/Y M Cc ¥ A G 
M 0 0 0 0 

Cc Lit :0:78. 0 0.75 
fy 0 2.34 1.38 0.10 0.16 
A 0 3.22 1.36 0.46 0.97 
G 1.03 0.12 2.61 0.20 0.82 





abolic modifications is a striking phe- 
nomenon, our ignorance of the accom- 
panying intracellular phenomena gravely 
limits the conclusions to be drawn. 


Viral Infection 


The role of nucleic acid in viral in- 
fection is best established for the T2 
bacteriophage. Hershey’s careful experi- 
ments have shown that, after attachment 
of the virus to the cell membrane, the 
DNA of the virus particle penetrates the 
cell wall while at least 97 percent of the 
protein remains external to the cell and 
appears to play little if any role in the 
subsequent development of the phage 
(35). If, as is commonly done, we chose 
to disregard the ambiguous 3 percent of 
protein, then we must conclude that the 
inherited properties of the virus are 
passed from generation to generation 
through the nucleic acid. Indeed, many 
varied pieces of information are most 
conveniently explained if we simply state 
that the action of the virus is to intro- 
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duce its own genome, which, anthropo- 
morphically put, destroys the bacterial 
genome and takes over the cellular con- 
trol, directing it, of course, specifically 
to the synthesis of new virus. This con- 
cept neatly explains such observations as 
the ability of phage-infected thymineless 
mutants to synthesize thymine (36), the 
appearance of the new base, 5-hydroxy- 
methylcytosine, and so forth. 

We should note that with some of the 
other bacterial viruses the situation may 
be less simple. These viruses may be 
more dependent on the function of some 
of the bacterial genes and indeed there 
exists presumptive evidence for the re- 
combination of the DNA of some viruses 
with the host DNA (37). Doubtless there 
are many degrees of molecular para- 
sitism. 


Bacterial Mating 


That bacterial mating is on such a 
time scale that it can be conveniently in- 
terrupted and the transfer of genetic in- 
formation placed on an accurate time 
scale has been brilliantly demonstrated 
by Jacob and Wollman in France and 
Skaar and Garen in this country (38). 
Thus, by mixing two genetically marked 
strains of crossable bacteria and by dis- 
ruption of the union at various times 
after mixing by the action of a blender, 
it has been possible to show that gene 
A enters from the donor cell to the re- 
cipient at 12 minutes, gene B at 15 min- 
utes, and so forth. And the order of 
entry of genes is just that order which 
has been deduced for the order of genes 
along the chromosome from mapping 
experiments, Similar results have been 
obtained by Skaar and Garen using a 
virus-susceptible donor, and employing 
phage to disrupt the mating. 

That, as the genes enter, DNA enters, 
can be shown nicely by use of phos- 
phorus-32 labeled donors, and this has 
been done. The amount of phosphorus-32 
transferred, as shown both physically and 
biologically, is found to correlate in a 
general way with the fraction of the 
genome which has entered the recipient 
cell. 


Conclusion 


This concludes the most essential evi- 
dence. If now we will concede the point 
—if we acknowledge that these links be- 
tween DNA and the hereditary factors 
are good and sound and enduring, we 
may face ahead and ask how shall we 


1128 


proceed to create a genetic chemistry— 
and the answer is, of course, on many 
fronts. Particularly, I think, we may ask 
what differentiates the DNA of different 
alleles. This is a structural question and 
hopefully will soon be susceptible to at- 
tack, and this in turn may lead to the 
linkage of structure with function. Also 
we may note that DNA is most certainly 
not to be found alone in the cell, and we 
may ask with what is it associated—and 
how these associations change during the 
cycle of mitosis, and we may hope that 
these associations may provide hints to 
help us discover how the information 
built into the DNA is passed on in dupli- 
cation and is passed out to guide the 
metabolism of the cell. 

To those who may have been chafing 
because I may seem to have equated 
DNA with the gene, let me hasten to say 
that I am confident that further experi- 
mentation will emphasize the interplay 
of protein and of ribosenucleic acid with 
DNA in the expression of the hereditary 
characters. And for those for whom the 
term hereditary factor itself has become 
fuzzy, let me hope that the development 
of a genetic chemistry will help to illu- 
minate both the gene and the problem 
of its definition. 

I believe this hard-won recognition of 
the role of DNA has brought us into a 
new era in genetics and in biochemistry. 
The gene, once a formal abstraction, has 
begun to condense, to assume form and 
structure and defined reactivity. 
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Smoking and Health 


Joint Report of the Study Group on Smoking and Health 


The Study Group on Smoking and 
Health was organized in June 1956, at 
the suggestion of the American Cancer 
Society, the American Heart Association, 
the National Cancer Institute, and the 
National Heart Institute, to review the 
problem of the effects of tobacco smok- 
ing on health and to recommend further 
needed research to the sponsoring organi- 
zations. 

The study group has held six 2-day 
conferences, has examined the pertinent 
literature and more recent unpublished 
reports, and has consulted with scientists 
representing specialized areas of research 
concerned with the subject. 

The study group, cognizant of the im- 


plications of its conclusions and recom- . 


mendations, now submits the following 
joint report. 


Lung Cancer 


At least 16 independent studies car- 
ried on in five countries during the past 
18 years have shown that there is a sta- 
tistical association between smoking and 
the occurrence of lung cancer (appendix 
A). (As used in this report, the term 
lung cancer refers to epidermoid and 
undifferentiated types of carcinoma of 
the lung, but not to adenocarcinoma. ) 
These retrospective studies have been re- 
inforced by two investigations in which 
large male populations have been fol- 
lowed prospectively. Lung cancer occurs 
much more frequently (5 to 15 times) 
among cigarette smokers than among 
nonsmokers, and there is a direct rela- 
tionship between the incidence of lung 
cancer and the amount smoked. It is esti- 
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mated that on a lifetime basis, one of 
every ten men who smoke more than 
two packs a day will die of lung cancer. 
The comparable risk among nonsmokers 
is estimated at one out of 275 (appendix 
B). Self-selection and sampling bias have 
been mentioned as possible sources of 


error. Examination of the evidence shows . 


that any distortion resulting from these 
sources does not invalidate the conclu- 
sions (appendix C). 

Epidemiologic studies also indicate 
that cigarette smoking cannot account 
for all cases of epidermoid cancer of the 
lung. There are other causative environ- 
mental factors, the most important of 
which are probably various atmospheric 
pollutants. As in other diseases, various 
other influences, such as sex, nutrition, 
and heredity, may modify its occurrence 
(appendix D). 

The two prospective studies further 
suggest that cessation of smoking by 
chronic smokers decreases the probabil- 
ity that such individuals will develop 
lung cancer. 

The epidemiologic evidence is sup- 
ported by laboratory studies on animals. 
At least five independent investigators 
have produced malignant neoplasms by 
tobacco smoke condensates. Although 
the active material has not been identi- 
fied chemically, some progress has been 
made in localizing the activity in puri- 
fied fractions (appendix E). Although 
the demonstration of carcinogenic ac- 
tivity in animals does not constitute 
proof of carcinogenicity in the lungs of 
human beings, this is important con- 
tributory evidence that strengthens the 
concept of causal relationship. 

Studies on pathogenesis of human 
lung cancer are also compatible with the 
causal relationship. Physiologic observa- 
tions indicate that foreign material is 
trapped in the tracheobror.chial tree, 
particularly where ciliary action is in- 
hibited or the ciliated epithelium is de- 
stroyed (appendix F). 

Fluorescent substances present in ciga- 
rette smoke have been shown to enter 
the cells of the buccal mucosa (appen- 
dix G). Detailed histologic studies of 
the tracheobronchial tree indicate that 
basal cell hyperplasia, atypical hyper- 


plasia, squamous metaplasia, and areas 
of morphologic alteration with all char- 
acteristics of carcinoma in situ are en- 
countered more frequently among ciga- 
rette smokers than among nonsmokers 
(appendix H). Thus, every morphologic 
stage of carcinogenesis, as it is under- 
stood at present, has been observed and 
related to the smoking habit. 

The sum total of scientific evidence 
establishes beyond reasonable doubt that 
cigarette smoking is a causative factor 
in the rapidly increasing incidence of 
human epidermoid carcinoma of the 
lung. 

The evidence of a cause-effect rela- 
tionship is adequate for considering the 
initiation of public health measures. 
Nevertheless, additional research is 
needed to clarify many details and to 
aid in the most effective development 
of a program of lung cancer control. 
The need for information in the follow- 
ing areas appears to be very important: 
(i) the isolation, identification, and pos- 
sible elimination from tobacco smoke of 
chemicals that produce cancer in ani- 
mals (appendix I); (ii) the role of 
atmospheric pollutants and additional 
environmental factors other than ciga- 
rette smoking in the causation of lung 
cancer in man; (iii) the effect of cessa- 
tion of smoking on the occurrence of 
lung cancer in man (appendix J); (iv) 
measurement of possible physiologic, 
sociologic, and psychologic differences 
between smokers and nonsmokers and 
the relation of host differences to the oc- 
currence of lung cancer (appendix K). 


Longevity and Cardiovascular Diseases 


At least three statistical investigations 
show an association of tobacco smoking 
with a decrease in longevity, probably 
referable to a higher risk, for male 
smokers, of dying from cardiovascular 
disease. The mortality among smokers 
in certain age groups is reported to be 
approximately double that of the non- 
smokers (appendix L). 

The study group is of the opinion that 
the significance of this observation re- 
quires further research before its mean- 
ing can be determined. Cardiovascular 
diseases account for well over half of all 
adult male deaths. Even a relatively 
small proportionate excess in the cardio- 
vascular death rate could, therefore, 
contribute a larger number of deaths 
than a much larger excess in the lung 
cancer death rate. 

In the few reports available, there is 
no convincing biological or clinical evi- 
dence to indicate that smoking per se 
has a causative role in cardiovascular 
disease. Many physicians have the clin- 
ical impression that patients with coro- 
nary artery disease should not smoke, on 
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the basis that smoking may be detri- 
mental to previously damaged coronary 
arteries. A few studies have provided 
some validating evidence for this hy- 
pothesis. However, further systematic in- 
vestigation is essential (appendix M). 

The study group strongly urges a re- 
search program of wide scope that will 
clarify the relationship and association 
between smoking and cardiovascular dis- 
eases. The following areas are considered 
to be of particular importance: (i) epi- 
demiologic studies, with appropriate con- 
sideration of the roles of other factors 
such as diet, physical activity, and blood 
lipides (appendix N); (ii) the chronic 
effects of tobacco and nicotine in ani- 
mals, with and without experimental 
atherosclerosis; (iii) further physiologic 
studies of man, particularly of the effect 
of smoking on coronary artery blood flow 
in normal individuals and in individuals 
with coronary insufficiency. 


Other Diseases 


The study group considered reports of 
association of smoking with a number of 
other disease entities, including carci- 
noma of the larynx, oral cavity, esopha- 
gus, bladder, and stomach; peptic ulcer; 
bronchitis and tuberculosis; and throm- 
boangiitis obliterans (appendix O). 

The evidence that relates smoking di- 
rectly to thromboangiitis obliterans is 
based on repeated, well-confirmed dem- 
onstrations that the disease is materially 
ameliorated by cessation of smoking and 
strikingly aggravated by continued smok- 
ing (appendix P), 

For the other conditions mentioned, 
the relationships have been studied only 
to a degree that indicates statistical asso- 
ciation. Further research on the indi- 
vidual conditions is necessary before 
valid conclusions can be drawn, 


Conclusions 


The study group concludes that the 
smoking of tobacco, particularly in the 
form of cigzrettes, is an important health 
hazard. The implications of this state- 
ment are clear in terms of the need for 
thorough consideration of appropriate 
contro] measures on the part of the 
official and voluntary agencies that are 
concerned with the health of the people. 
The lack of specific recommendations in 
this regard reflects no lack of interest. 
Rather, it reflects the desire of the study 
group to limit its recommendations to 
the area of research needs in accordance 
with the instructions it received. 

The study group recommends that fur- 
ther research on smoking and health be 
vigorously pursued. The recommenda- 
tions made in the section on “Lung 
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cancer” are for research into means of 
coping with lung cancer hazard, which 
has been established for cigarette smok- 
ing. The recommendations of the sec- 
tions on “Longevity and cardiovascular 
diseases” and “Other diseases” are di- 
rected primarily at establishing whether 
smoking is one of the contributory fac- 
tors in other diseases, particularly in 
coronary artery disease. Many of these 
answers can best be obtained by a co- 
operative research effort. 

The Study Group on Smoking and 
Health approves dissemination of this 
report as desired by the sponsoring agen- 
cies and hereby terminates its activities. 


Appendixes 


A) Fourteen (1-14) of the retrospec- 
tive studies have been reviewed by Cut- 


- ler (15). Stocks and Campbell (16) have 


studied the association between smoking 
and lung cancer in terms of place of resi- 
dence. An additional recent retrospective 
study by Wynder (17) is concerned with 
the occurrence of lung cancer in women. 

B) Doll and Hill (78) in England 
and Hammond and Horn (19) in this 
country reported their first results in 
1954. Since then, Doll and Hill have 
published a follow-up report (20), and 
Hammond has reported additional data 
(27); 

Although the statistical evidence has 
often been quoted as indicating an asso- 
ciation between heavy smoking and lung 
cancer, there is no evidence of a thresh- 
old level below which the risk disap- 
pears. The best available estimates for 
both the United States and England in- 
dicate that the lung cancer risk is sta- 
tistically significant for half-pack-a-day 
smokers and that there is a correlation of 
risk with amount smoked (16, 20, 21). 

C) By numerical illustration, Berkson 
(22) has indicated that, in epidemio- 
logic studies similar to the one conducted 
by Hammond and Horn (/9), it is pos- 
sible to obtain a spurious statistical asso- 
ciation between smoking and a disease 
as a result of sampling bias, even though 
no real association exists. It has been 
pointed out by Cornfield (23), Korte- 
weg (24), Levin (25), and Lilienfeld 
(26) that, in order for the degree of asso- 
ciation between cigarette smoking and 
lung cancer observed by Hammond and 
Horn to be a result of sampling bias, 
it would be necessary to assume an un- 
reasonably large degree of such bias. 
Furthermore, a study of smoking habits 
of a probability sample of the United 
States population reported by Haenszel 
and associates (27) indicates that the 
necessary degree of sampling bias was 
not present in the Hammond-Horn 
study. Berkson also indicated that the 
influence of sampling bias would dis- 


appear with the passage of time. Doll 
and Hill (20) have recently reported 
that, over a 4-year period of observa- 
tion, the gradient of lung cancer mor- 
tality in relation to the amount smoked 
has remained remarkably constant dur- 
ing each of the 4 years. 

The issue of self-selection is raised as 
an argument against interpreting the sta- 
tistical association of cigarette smoking 
and lung cancer as a causal relationship. 
Self-selection assumes that there is a 
factor that both causes a person to smoke 
and causes lung cancer; thus, individuals 
are selected for both smoking and lung 
cancer by a third mutually related factor. 
Such a hypothesis does not appear likely. 
Doll and Hill (20) and Levin (25) have 
indicated that such a hypothesis would 
be inconsistent with the marked increase 
of lung cancer mortality in recent years. 
The likelihood of this hypothesis is di- 
minished further by the biological and 
pathogenetic evidence discussed in this 
statement. However, information con- 
cerning the characteristics of smokers 
and nonsmokers would be valuable for 
further evaluation of this theoretical 
possibility. 

D) Epidemiologic studies indicate that 
cigarette smoking cannot account for all 
cases of lung cancer; nonsmokers do 
develop lung cancer, and variations in 
frequency of lung cancer in different 
population groups are not completely 
related to variations in frequency of 
cigarette smoking. The most significant 
observation on this point is the higher 
death rate from lung cancer in urban, 
as compared with rural, areas (28, 29). 
This excess urban death rate has been 
attributed by most investigators (16, 30, 
31) to the probable influence of air pol- 
lution. As has been indicated by Ham- 
mond (29) and by Haenszel and Shim- 
kin (28), part of this urban excess may 
be attributed to the higher proportion of 
cigarette smokers among urban popula- 
tions, but they have also pointed out 
that even after adjustment has been 
made for differences in smoking habits, 
the urban rate is still higher than the 
rural rate. Estimates have been made of 
the relative contribution that cigarette 
smoking and the “urban factor” (prob- 
ably air pollution) make to the lung 
cancer deaths. From studies in Liver- 
pool, Stocks and Campbell (/6) have 
estimated that 50 percent of the lung 
cancer deaths result from smoking and 
about 35 percent from air pollution. 
Hammond (29) estimated that about 31 
percent of lung cancer deaths are due to 
air pollution. It is recognized that these 
estimates may not be very precise, but 
they do afford some idea of the relative 
importance of these two factors. Re- 
cently, Hueper (30) and Kotin (3/) 
have defended their views that air pol- 
lution is the major etiologic factor in 
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lung cancer and that cigarette smoking 
plays a minor role, if any. Cigarette 
smokers have higher lung cancer death 
rates than nonsmokers in urban areas, 
where presumably both of these groups 
have had similar exposure to general air 
pollution. A definite need exists for de- 
termining the chemical nature of these 
pollutants and estimating more precisely 
the role of air pollution, particularly 
in relation to the effect of cigarette 
smoking. 

Several studies indicate that occupa- 
tional exposure to chromate ore (32), 
radioactive dust, and other agents (30) 
increases the risk of lung cancer. How- 
ever, specific occupational exposures 
have been demonstrated to be respon- 
sible for only a small percentage of lung 
cancer deaths. 

It is also possible that additional fac- 
tors increase host susceptibility to these 
environmental factors. There is sugges- 
tive evidence that hormonal factors may 
have some influence (33). The possible 
existence of endogenous factors that in- 
fluence susceptibility to exogenous agents 
should be further investigated, since such 
information may have some bearing on 
control efforts. 

E) In addition to the five recent dem- 
onstrations of carcinogenic activity in 


tobacco smoke (34-38), Roffo (39) and - 


Woglom (40) had previously reported 
the production of cancers from tobacco 
tar. Evidence for a cocarcinogenic effect 
of tobacco smoke condensate has been 
obtained by Gellhorn (41). 

Several workers have now reported 
the presence of 3,4-benzopyrene in to- 
bacco smoke (42-46). This has been 
demonstrated to be present in the neu- 
tral fraction of tobacco smoke conden- 
sate at concentrations of about 2 micro- 
grams per 100 cigarettes. According to 
Wynder (47), the concentration is so 
low that the biological activity observed 
in his most purified fractions cannot be 
the result solely of 3,4-benzopyrene. 
Other carcinogenic polycyclic hydrocar- 
bons are being sought. In addition to 
3,4-benzopyrene, Bonnet and Neukomm 
(43) found other polycyclic hydrocar- 
bons, including 3,4,9,10-dibenzopyrene 
at an estimated concentration of 1 micro- 
gram per 100 cigarettes. 

Recently Lacassagne, Buu-Hoi, and 
others (48) produced sarcomas in mice 
by three subcutaneous injections totaling 
1.8 milligrams of this compound per 
animal. The quantitative aspects of this 
problem obviously should be _ investi- 
gated. 

F) In the normal human lung, par- 
ticulate matter, upon inhalation, may 
penetrate diffusely throughout and into 
the alveoli, This is evident from many 
observations, both clinical and experi- 
mental, O. H. Robertson (49), im an ex- 
haustive investigation and review of this 
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subject, presents evidence to indicate 
that such factors as particle size and con- 
centration and the depth of ventilation, 
as well as time of exposure, are impor- 
tant determinants of the amount of par- 
ticulate matter that will enter the lung. 
It is estimated that the range of par- 
ticulate size in cigarette tobacco smoke 
is between 0.3 and 1.0 microns. Particles 
of this size, upon inhalation, may readily 
be distributed diffusely throughout the 
lung. 

Increased depth of ventilation, such as 
is seen in inhalation during smoking, 
favors the entrance of greater amounts 
of particulate matter into the lungs. 
Particles that penetrate the upper air 
passages come in contact with the mucus- 
covered surface of the bronchi, where 
they tend to adhere and to remain in 
contact with bronchial mucosa for vary- 
ing periods of time, depending on the 
size and nature of the particles. 

An irritant such as smoke may bring 
about alterations in the ciliary activity of 
the bronchial mucosa. It is this ciliary 
activity that is the main mechanism 
available for the removal of particulate 
matter from the lung (50). Slight tem- 
porary alteration in this ciliary activity 
will allow for the retention of particu- 
late matter. Furthermore, any alteration 
in the quantity or quality of mucus in the 
tracheobronchial tree will also interfere 
with the removal of particulate matter. 
Particles may become concentrated in 
outdrifting mucus and remain in con- 
tact with bronchial mucosa for signifi- 
cant periods of time. Hilding (51) dem- 
onstrated the possible role of paralyzed 
cilia or deciliated areas in the accumu- 
lation of cigarette tar by exposing re- 
cently removed calf lungs: to cigarette 
smoke. 

G) After smoking, according to the 
degree of keratinization, some chronic 
cigarette smokers who were tested were 
found by Mellors (52) to have fat-solu- 
ble fluorescent substances in scrapings of 
the buccal mucosa. Such substances are 
not observed, to any appreciable degree, 
12 hours after smoking. 

H) It is well established that changes 
may be observed in epithelial surfaces 
that precede established forms of inva- 
sive carcinoma. These alterations consist 
of atypical hyperplasia, metaplasia, and 
carcinoma in situ. Although there may 
be disagreement in the terminology in 
these early morphologic changes, their 
presence and significance are generally 
accepted. It has been demonstrated by 
Black and Ackerman (53) that epider- 
moid carcinoma in situ is an important 
stage in the histogenesis of lung cancer. 
If smoking is related causally to the de- 
velopment of epidermoid carcinoma of 
the lung, then one would expect to find 
a greater incidence of these early mor- 
phologic changes in the bronchial tree 


in smokers than in nonsmokers. A study 
investigating this hypothesis was carried 
out by Auerbach and associates (54). 

A total of 28,638 slides was made 
from the tracheobronchial tree of 150 
autopsied individuals in whom a ciga- 
rette-smoking history had been obtained. 
Such changes as basal cell hyperplasia, 
stratification, squamous metaplasia, and 
carcinoma in situ were found, both quan- 
titatively and qualitatively, to a signifi- 
cantly greater degree in smokers than in 
nonsmokers. The findings were accentu- 
ated in autopsied cases of bronchogenic 
carcinoma; all such patients had been 
smokers. Carcinoma in situ was found in 
1 percent of the slides of those who did 
not smoke regularly whereas it was found 
in 6 percent of the slides in those indi- 
viduals who smoked more than one pack 
of cigarettes a day. Determination of the 
incidence of the various stages of these 
lesions, as related to sex, age, and exact 
anatomic distribution, awaits the inves- 
tigation of larger numbers of cases. The 
alterations recorded by Auerbach were 
similar in almost all details to those that 
are found to precede and develop into 
epidermoid carcinoma of the uterine 
cervix. 

Chang (55) and Chang and Cowdry 
(56) studied whole amounts of bronchial 
epithelium obtained at autopsy from 
smokers and nonsmokers. They found 
metaplasia and thickening of the epithe- 
lium more common among the smokers 
than among the nonsmokers. These re- 
sults are in good agreement with those 
of Auerbach. In addition, they observed 
that the cilia were shorter and that 
Goblet cells were more numerous in the 
lungs of smokers than in those of non- 
smokers. 

I) It is possible that an innocuous 
cigarette could be developed without 
prior identification of the active agents, 
and efforts along this line should parallel 
the work on characterization of the ac- 
tive materials. However, if empiric re- 
duction is achieved, it would still be 
urgent to define the chemical nature of 
the agents and their mode of action. 

Reduction in tumor activity might be 
sought by the removal or inactivation 
of carcinogenic, cocarcinogenic (pro- 
moting) factors or the precursors of 
either. Possibilities that suggest them- 
selves include selection of tobacco strain, 
extraction of tobacco leaves, alteration 
of the burning temperature of the ciga- 
rette, and, possibly, selective removal of 
the active material from tobacco smoke. 
In this connection, it should be noted 
that the filters that are presently in use 
do not appear to be selective in their 
action; rather, they reduce tumor ac- 
tivity only to the extent that they re- 
move whole smoke (47). In the case of 
most commercial cigarette filters, effi- 
ciency is not high, and accordingly the 
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amount of smoke that reaches the lungs 
is not reduced to any major degree. 

An incidental but urgent requirement 
for the identification studies is improved 
assay procedures, since the work is at 
present hampered by the necessity for 
relying on slow and relatively insensitive 
methods. 

J) The most desirable method of ob- 
taining information concerning the effect 
of cessation of smoking would be by an 
experiment with human beings. A de- 
scription of one of several designs fol- 
lows. A group of smokers, who would 
volunteer to be included in the study, 
would be randomly allocated to an ex- 
perimental and a control group. The 
control group would continue to smoke, 
whereas the experimental group would 
be asked to give up smoking. These 
groups would be followed for a number 
of years to determine the risk of dying, 
in general, and the risk for specific causes 
of death. Even though all individuals in 
the experimental group had not ceased 
smoking, comparisons of mortality rates 
in the two groups would be made. Ob- 
viously, success of the experiment would 
depend on the proportion of the experi- 
mental group who had stopped smoking; 
if it is 50 percent or more, meaningful 
results could be expected. 

Consideration of sample sizes required 
for this experiment indicated that very 
large samples would be necessary to ob- 
tain results with respect to lung cancer 
because of the relatively low death rate 
from this cause. However, the estimated 
sample sizes for studying the effect of 
cessation of smoking on total mortality, 
particularly on death from cardiovascu- 
lar disease, appeared to be within prac- 
tical limits; at least, they were such that 
further exploration of the feasibility of 
such an experiment appears warranted. 
Prior to conducting a full-scale experi- 
ment, a pilot study should be under- 
taken. Such a study is important, not 
only from a biological viewpoint but 
also from a public health administra- 
tive viewpoint, in that it would be a 
means of evaluating the feasibility of 
certain control efforts. 

It should be recognized, of course, 
that such an experiment would fail to 
show a difference between experimental 
and control groups if the damage to 
the organ system had been irreversibly 
established at the time smoking was 
stopped. 

Further information on the effect of 
cessation can be obtained from the pros- 
pective studies of Hammond, Doll and 
Hill, and from the Veterans’ Study that 
is now being conducted by the National 
Institutes of Health, It is recommended 
that collection of the necessary data con- 
tinue to be made with respect to this 
aspect of these studies. 

K) A large prospective study of the 
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effect of smoking on lung cancer and 
other causes of death among approxi- 
mately 220,000 veterans of World War 
I is now in progress, at the National In- 
stitutes of Health, under the direction of 
Harold F. Dorn. This study offers an 
excellent opportunity to explore, by ad- 
ditional questionnaires and interviews, 
some of the possible differences that may 
exist between smokers and nonsmokers. 
In addition, this study could also be ex- 
panded to include cardiovascular evalu- 
ation, perhaps even to the extent of in- 
cluding physical examinations and lab- 
oratory determinations on subsamples of 
the smoker and nonsmoker groups. 

The. study group has been in contact 
with Dorn and has suggested that addi- 
tional questionnaires and clinical and 
laboratory determinations might be val- 
uable. It is hoped that these suggestions 
will be developed into research actions 
with the help of the National Heart In- 
stitute and the. U.S. Veterans Adminis- 
tration. 

There is no evidence at present to 
indicate that the occurrence of cancer 
of the lung among cigarette smokers is 
limited to an undefined subgroup of sus- 
ceptible individuals. Nevertheless, cer- 
tain characteristics may well be corre- 
lated with greater or less susceptibility 
to lung cancer or heart disease. Research 
on host factors that may be associated 
with, or modify, certain disease states is 
of great importance. This is particularly 
true of chronic diseases in which the 
etiologic situations are often multiple 
and in which the host response may play 
a paramount role. 

L) Pearl (57), Hammond and Horn 
(19), and Doll and Hill (20) have all 
shown an increase in mortality associ- 
ated with smoking. Pearl found the mor- 
tality rate for all causes among cigarette 
smokers to be just twice that of non- 
smokers among men from 60 to 65 years 
of age. In the same age group, Ham- 
mond and Horn reported a ratio of 1.9. 
Doll and Hill found that the mortality 
rate increased progressively with the 
amount smoked, so that heavy smokers 
for all age groups over 35 had a mor- 
tality rate 42 percent higher than non- 
smokers. 

For coronary artery diseases, Gertler 
and White (58) studied smoking habits, 
results of which showed a significantly 
higher number of smokers among the 
heart patients than among controls. Eng- 
lish, Willius, and Berkson (59), in 1946, 
found a greater incidence of coronary 
disease in male smokers than among 
nonsmokers, particularly at ages under 
50. Hammond and Horn (19) found 
that the death rates from coronary artery 
disease for men who smoked a pack or 
more of cigarettes a day were more than 
twice as high as the rates for men who 
had never smoked; this is true for age 


groups from 50 to 65. The findings of 
Doll and Hill (20) on death from coro- 
nary thrombosis “agree broadly with 
those of Hammond and Horn,” but the 
increase is less marked. 

M) Evidence that points to the effect 
of nicotine on the coronary circulation 
was obtained by Bargeron and associ- 
ates (60), who found that cigarette 
smoking increases the coronary blood 
flow in individuals who do not have 
heart disease. That nicotine may cause 
a decrease in coronary blood flow if the 
coronary vessels are atherosclerotic has 
been suggested by ballistocardiographic 
studies, Davis and associates (61) have 
confirmed the reports of others that show 
definite ballistocardiographic abnormali- 
ties in patients with coronary heart dis- 
ease; these alterations were not present 
in individuals with normal hearts. 

Experimentally, Travell (62), at Cor- 


nell University, has demonstrated that ° 


nicotine causes a diminution in coronary 
blood flow in perfused hearts of rabbits 
that had previously been made athero- 
sclerotic through dietary measures. 

It is felt that one of the most pressing 
problems consists of direct investigation 
of the coronary circulation, during smok- 
ing, of patients with arteriosclerotic heart 
disease. The techniques for this investi- 
gation are being developed, but the pres- 
ent methods are not yet applicable. 

N) In contrast to the studies of lung 
cancer, the number of studies concerned 
with the relationship of smoking to 
cardiovascular diseases have been rela- 
tively few. Most epidemiologic investi- 
gations of heart disease have been con- 
cerned with evaluating the etiologic role 
of diet, physical activity, and blood 
lipides. A definite need exists for both 
retrospective and prospective studies on 
smoking and heart disease. Several inde- 
pendent studies should be conducted in 
various parts of the country. Because of 
the possible influence of diet, physical 
exercise, and blood lipides, they should 
be taken into account to determine pos- 
sible interrelationships of these factors 
with smoking, In addition, it is possible 
that studies of heart disease that are 
already in progress could be expanded 
to obtain further information concerning 
the effects of smoking. The study group 
considered that the Veterans’ Study now 
being conducted by the National Insti- 
tutes of Health offers an excellent op- 
portunity for expansion to include the 
suggestions made here. 

O) A few references to studies that 
relate smoking to some of these diseases 
should be noted. Lilienfeld, Levin, and 
Moore (63) demonstrated a statistical 
association between smoking and cancer 
of the urinary bladder and felt that it 
was highly suggestive of a cause-and- 
effect relationship. Friedell and Rosen- 
thal (64) and Moore and associates 
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(65) have discussed the evidence for 
carcinogenic activity qf unburned to- 
bacco in producing oral cancers. Wynder 
(66) has reported some evidence that 
alcohol consumption increases a smok- 
er’s susceptibility to laryngeal cancer. 
The evidence regarding the etiologic role 
of smoking in gastrointestinal disease is 
highly controversial (67, 68). 

Case and Lea (69) found an associa- 
tion between chronic bronchitis and lung 
cancer in World War I pensioners. Un- 
fortunately, smoking histories were not 
available. However, Joules (70), Pal- 
mer (71), Oswald and Medvei (72), and 
Abbott and associates (73) found that 
chronic bronchitis was closely associated 
with heavy smoking (see 74). Lowe (75) 
found that heavy smokers were signifi- 
cantly more common among tuberculosis 
patients than among control patients. 

P) For references to the voluminous 
literature on this condition, see Allen, 
Barker, and Hines (76). 
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H. N. Russell, 


The death of Henry Norris Russell 
on 18 February marks the passing of one 
of the most brilliant minds that has 
flourished in the modern scientific world. 
A scientist of truly remarkable breadth, 
he was for many years the leading theo- 
retical astronomer in this country and a 
pioneer in the use of atomic physics for 
the analysis of stars. 
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dergraduate whose record was so out- 
standing that he was graduated insigni 
cum laude. His Ph.D. degree was ob- 
tained at Princeton 3 years later, under 
C. A. (“Twinkle”) Young, his famous 
predecessor at the Princeton Observa- 
tory. After 2 years in Cambridge, Eng- 
land, he returned to Princeton Univer- 
sity, where he rose rapidly up the 
academic ladder and became professor 
of astronomy in 1911, at the age of 33. 
The following year, he became director 
of the Princeton University Observa- 
tory, succeeding Young. 

During his early years as an astrono- 
mer, Russell engaged in a number of 
programs, largely in such classical topics 
as stellar parallaxes, photographic posi- 
tions of the moon, and celestial mechan- 
ics. In 1912 he turned to the analysis of 
stellar spectra, a subject in which he re- 
mained active throughout his career. The 
famous diagram of stellar luminosity 
against surface temperature, originated 
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by Hertzsprung, was used so extensively 
by Russell in his physical analyses of 
stars and in his theories of stellar evo- 
lution that this basic plot is generally 
referred to as the “Hertzsprung-Russell 


diagram.” In the same year he pub- 
lished his analysis of the light curves of 
eclipsing variable stars. These double 
stars, whose light varies periodically be- 
cause one star eclipses the other, had 
been known for some time, but no sim- 
ple method existed for interpreting the 
observed light curves quantitatively. 
With a characteristic genius for handling 
complicated data, Russell devised a con- 
venient and useful method for extracting 
full information from such observations. 
The method did not long remain untried. 
“For then,” as Russell later used to re- 
mark, “the Lord sent me Harlow Shap- 
ley.’ This young Ph.D. candidate at 
Princeton, who was destined to become 
Russell’s best known student, applied 
Russell’s techniques to 87 double stars 
as his doctoral thesis, With the advent 
of photoelectric techniques, the obser- 
vations are now much more accurate 
than they were 45 years ago, and more 
refined methods have been developed for 
certain types of binaries. However, Rus- 
sell’s method remains the standard one 
for a first interpretation of any eclipsing- 
variable light curve. 

During World War I, Russell, like so 
many other scientists, became involved 
in military research. During the decade 
following the war, much of his time was 
spent in preparing a textbook on astron- 
omy, in collaboration with his colleagues, 
R. S. Dugan and J. Q. Stewart. The 
first volume of this work was a revision 
of Young’s Manual of Astronomy, but 
the second volume, dealing with modern 
astrophysics and stellar astronomy, was, 
for the most part, new. A great deal of 
effort went into the preparation of these 
two volumes. Virtually nothing was 
taken on faith, and much original re- 
search was carried on to provide mate- 
rial for the book. An indication of the 
thorough care that went into this text- 
book for undergraduates is the fact that, 
for almost three decades, “Russell, Du- 
gan, and Stewart” remained a standard 
reference. work, despite enormous ad- 
vances in most astronomical fields. 

It was, perhaps, the preparation of 
this general textbook that gave Russell 
the extraordinary knowledge of astron- 
omy that was so characteristic of his 
mature years. An astronomer in any field 
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could count on Russell’s intelligent in- 
terest and helpful comments. 

In 1924 he embarked on a research 
problem that was destined to take much 
of his time during the rest of his active 
life. In that year he published his first 
paper on the analysis of atomic spectra, 
a subject in which he became interested 
because of the pivotal importance of 
spectroscopy in astrophysics. During the 
next 10 years he published 25 papers in 
this new and exciting field of basic phys- 
ics. A pioneer in this field, he originated, 
with Saunders, a theory for the coupling 
between spin and orbital momentum in 
atomic electrons. He took great delight 
in unraveling complicated spectra and 
in determining the atomic energy levels 
involved. 

The years 1928-29 may be regarded 
as the apex of Russell’s professional ca- 
reer. He was then just over 50 years of 
age and at the peak of his powers. Al- 
though immersed in the task of spectro- 
scopic research, he carried on several 
other important analyses at about this 
time. His analysis, with Adams, of stellar 
spectra, appeared in 1928, and his great 
work, On the Composition of the Sun’s 
Atmosphere, appeared in 1929. In these 
papers he used the Saha ionization equa- 
tion to determine the pressure and chem- 
ical composition of stellar and solar 
atmospheres. He concluded, in variance 
with accepted beliefs, that hydrogen was 
overwhelmingly the most abundant ele- 
ment in the solar atmosphere. For many 
elements his values of relative abun- 
dances are still the best available, and his 
assertion of the great abundance of hy- 
drogen has now, after a prolonged con- 
troversy, been accepted as one of the 
most basic facts of cosmology. During 
this same period he also published an 
analysis of the rotation of the line of 
apsides in eclipsing variables, in which 
he pointed out a very important method 
—in fact, the only observational method 
—for obtaining the density distribution 
in stars. 

During his later years, Russell con- 
tinued active research in all these fields. 
In addition, he maintained his lively in- 
terest in stellar evolution and planetary 
origin. His little monograph, The Solar 
System and Its Origin, did not present 
any new and sweeping theory but was of 
great help in clarifying the field and 
stimulated several of his students to pro- 
ductive work in this area. 

On so outstanding a scientist, honors 





were showered from all sides. Medals 
were awarded him at various times by 
the Royal Astronomical Society (Eng- 
land), by the French Academy, by the 
National Academy of Sciences, by the 
American Academy of Arts and Sciences, 
and by the Astronomical Society of the 
Pacific. Honorary degrees were awarded 
him by Yale, Harvard, and Princeton 
universities, among others. He was a 
member of many learned societies and 
past president of several. In 1946, Mex- 
ico presented him with its highest award 
for foreigners, the Order of the Aztec 
Eagle. 

There are few men now living who 
remember Russell as a young man. Those 
who knew him in his later years remem- 
ber him for his unbounded energy and 
his enthusiasm for ideas. It is charac- 
teristic of the man that he would fre- 
quently be so carried away in his 
graduate lectures that he would talk en- 
thusiastically for an additional hour or 
two, carrying his fascinated audience 
into exciting new realms of research. He 
brought this same keenness and enthu- 
siasm to all the many experiences in his 
full and active life—to his extensive trav- 
els, his wide reading of both prose and 
poetry, and his happy hours with his 
grandchildren. He would keep small 
children engrossed for hours with the 
paper boats, balls, birds, and animals 
that he constructed with facility, his 
long, dexterous fingers folding and creas- 
ing the paper with unerring speed. His 
knowledge was encyclopedic; it included 
facts and theories not only in all 
branches of science but also in such 
varied subjects as the Bible and the wild 
flowers of New Jersey. 

A deeply religious man, he was con- 
vinced that there was no basic conflict 
between science and religion. For several 
years he organized among the graduate 
students regular discussions of the inter- 
relations between science and religion 
and published a little book on the sub- 
ject, Fate and Freedom. Through his 
vast and cogent writings, through his 
many and vital discussions with col- 
leagues and students, and through the 
sheer force of his personality and giant 
intellect and their impact on all who 
knew him, the influence of Henry Norris 
Russell will continue through many gen- 
erations to come, 

Lyman Spitzer, Jr. 
Princeton University Observatory, 
Princeton, New Jersey 
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News of Science 


International Atomic 
Energy Agency 


Postponement of the first general con- 
ference of the International Atomic En- 
ergy Agency until 1 Oct. has been an- 
nounced by the preparatory commission. 
The meeting had been scheduled to start 
19 Aug. The conference is to organize the 
new agency and make decisions on its 
program during its first year. The new 
date will insure sufficient time for par- 
ticipating governments to consider pro- 
gram proposals. 

It is possible that the postponement 
was influenced by the failure of the 
United States and other atomic powers 
to-ratify promptiy the statute of the 
agency. The following states have so far 
deposited instruments of ratification with 
the Government of the United States, 
acting as depositary government: 29 
Mar., Guatemala; 5 Apr., Switzerland; 8 
Apr., Byelorussian S.S.R. and U.S.S.R.; 
12 Apr., Romania; 2 May, Pakistan; 10 
May, Austria. In order to come into 
effect, the statute must be ratified by 18 
states, including three of the following 
five: Canada, France, the U.S.S.R., the 


.United Kingdom, and the United States. 


College Presidency Study 


Harold W. Dodds, who retires this 
month as president of Princeton Univer- 
sity, will direct a study of the office of 
the college and university presidency, 
with support from the Carnegie Founda- 
tion for the Advancement of Teaching. 
The foundation has announced that it 
has made a grant for this purpose to the 
Institute for College and University Ad- 
ministrators, Boston, Mass. 

Dodds will begin work on the study, 
which will probably take 2 years to com- 
plete, on 1 Jan. of next year in New York 
City. He and a small staff expect to look 
into the historical development of the 
office in the United States and the nature 
of the college president’s job today. 
Dodds will visit a number of campuses 
and will talk not only with presidents but 
with deans, faculty members, and mem- 
bers of boards of trustees. 

In midsummer, after launching the 
preliminary phases of the study, Dodds 
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will depart for Australia to accept a 
long-standing invitation of the Australian 
Vice-Chancellor’s Committee. The com- 
mittee annually invites a distinguished 
educator from overseas to lecture to 
Australian universities and to discuss 
general education problems with Aus- 
tralian educators. Dodds’ visit will mark 
the first time that the Vice-Chancellor’s 
Committee has invited its annual guest 
lecturer from outside of the Common- 
wealth. Dodds will arrive in Sydney in 
late August and will return to the United 
States sometime in December. 


First-Generation Effect of Radiation 


An experiment that was designed by 
W. L. Russell of the Oak Ridge National 
Laboratory to compare the genetic ef- 
fects of neutrons from an atomic bomb 
with those from a cyclotron has led to 
some observations on the effect of neu- 
tron radiation on length of life [Proc. 
Natl. Acad. Sci. (U.S.) 43, 324 (April 
1957)]. Russell exposed male mice, 
shielded by 7-inch-thick lead hemi- 
spheres, to atomic bomb radiation. The 
lead shielding reduced the gamma-com- 
ponent of the bomb’s radiation to such 
an extent that it would not seriously in- 
terfere with estimates of neutron effect. 
The exposed mice were crossed with un- 
treated females and the offspring kept 
throughout their life-span. In a sum- 
mary of his results Russell states: 

“Length of life in the offspring of male 
mice exposed to moderate doses of neu- 
tron radiation from a nuclear detonation 
is shortened by 0.61 day for each rep 
received by the father over the dose 
range tested. . . . Extrapolating to a 
proportional shortening of life in man 
gives 20 days per rep received by the 
father as the point estimate and 5 and 
35 days as the 95 percent confidence 
limits. . . It seems likely that, even 
when allowance is made for the condi- 
tions of human radiation exposure, short- 
ening of life in the immediate descend- 
ants will turn out to be of a magnitude 
that will warrant serious consideration as 
a genetic hazard in man.” Russell attrib- 
uted the shortening of life largely to the 
dominant deleterious effects of recessive 
lethal genes. 


NSF In-Service Institutes 


Grants totaling $138,000 have been 
awarded by the National Science Foun- 
dation to 18 colleges and universities in 
the United States and its territories to 
support in-service institutes designed to 
improve the training of high-school 
teachers of science and mathematics. In- 
service institutes will begin in the fall of 
1957 and will run through the academic 
year 1957-58. Each will offer special 
courses in the subject matter of science or 
mathematics especially designed for the 
needs of high-school teachers. 

Institutes will be held in the evenings 
and on weekends in order that teachers 
may attend them outside regular teach- 
ing hours. Travel expenses, tuition, and 
fees for each participant will be covered 
by the grant from the National Science 
Foundation. Participants in each institute 
will be selected from high-school teachers 
within a radius of some 50 miles of the 
host institution. 

This program is an experimental ex- 
tension of the current programs of sum- 
mer and academic-year institutes for 
high-school teachers sponsored by the 
National Science Foundation [Science 
125, 108 (18 Jan. 1957); 981 (17 May 
1947)]. The high degree of teacher in- 
terest in such work is indicated by the 
fact that there were more than 25,000 ap- 
plications for some 5000 openings in the 
1957 summer and academic-year insti- 
tute programs. 


Bensley Memorial Fund 


A memorial fund in honor of R. R. 
Bensley, formerly of the University of 
Chicago, is being established. The Amer- 
ican Association of Anatomists will ad- 
minister the fund, and the proceeds will 
be available equally to Canadians and 
citizens of the United States. Bensley 
made a number of classical contributions 
to cytology and to cytological chemistry. 
Contributions for this fund may be sent 
to Normand L. Hoerr, Western Reserve 
School of Medicine, Cleveland 6, Ohio. 


Biochemistry at Brandeis 


Brandeis University in Waltham, 
Mass., has established a graduate de- 
partment of biochemistry as a result of 
a gift made to the university by the 
Dorothy H. and Lewis S. Rosenstiel 
Foundation. The initial staff appoint- 
ments are as follows: Nathan O. Kaplan 
of the McCollum-Pratt Institute, Johns 
Hopkins University, professor and chair- 
man of the department; and Martin D. 
Kamen of the department of radiobiol- 
ogy, Washington University Medical 
School, professor of biochemistry. Wil- 
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liam F. Loomis of the Loomis Labora- 
tory will also have an appointment as 
professor of biochemistry. Assistant pro- 
fessors are Mary Ellen Jones of the Bio- 
chemical Research Laboratories at Mas- 
sachusetts General Hospital, Lawrence 
Levine of the New York State Depart- 
ment of Laboratories, Lawrence Gross- 
man of the National Institutes of Health, 
and William P. Jencks of the department 
of chemistry at Harvard University. 

The department will offer a program 
of studies leading to the Ph.D. degree. 
An advanced training program for in- 
vestigators with a Ph.D. or an M.D. de- 
gree is also planned. Research activities 
of the department will be carried out in 
a number of different areas, including 
intermediary metabolism in normal and 
tumor tissue, enzymology, immunochem- 
istry, biochemical and immunogenetics, 
biochemical basis of chemotherapy, pro- 
tein chemistry, plant and virus metabo- 
lism, radiobiology, problems in growth 
and differentiation, photobiology, micro- 
bial metabolism, and organic biochem- 
istry. The department will begin its pro- 
gram on 1 July. 


Hughes Department for 
Radiation Study 


A new department of nuclear elec- 
tronics has been announced by the 
Hughes Aircraft Company, Los Angeles, 
Calif. The department, headed by John 
W. Clark, will work with systems de- 
signers and manufacturers of compo- 
nents to measure radiation effects on ma- 
terials and circuitry and to improve their 
performance under nuclear radiation 
conditions. The new group will specialize 
in radiation physics; dosimetry, particu- 
larly for high nuclear radiation rates; de- 
velopment of reliable techniques for radi- 
ation experiments, and design of radia- 
tion testing facilities. 


AEC Radiation Protection Rule 


The U.S. Atomic Energy Commission 
has amended its regulation on standards 
for protection of workers and the public 
against radiation to provide that those 
who are licensed shall promptly notify 
the commission of potentially serious ac- 
cidents involving licensed material. They 
must now immediately notify the nearest 
AEC operations office of any incident in- 
volving licensed material which may 
have resulted in appreciable release of 
radioactive material or excessive expo- 
sure of individuals to radiation. This will 
enable the commission to assure that ap- 
propriate steps are taken to minimize the 
consequences of the incident, to deter- 
mine its cause, and to initiate corrective 
action. Holders of licenses are required, 
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also, to make a detailed report in writ- 
ing, within 30 days, of all such incidents, 
regardless of their nature or extent, re- 
sulting in radiation exposures or concen- 
trations of radioactive materials above 
permissible limits. 


Spectrochimica Acta 


Pergamon Press, Ltd., has announced 
that a reorganization of the scope of 
Spectrochimica Acta has been under- 
taken so as to take into account the 
changing emphasis in spectroscopy in re- 
cent years. The journal, which used to 
be mainly directed to problems of atomic 
emission spectroscopy and spectrographic 
analysis, will now reflect the impact upon 
chemistry, whether organic or physical, 
of molecular spectroscopy; problems of 
atomic emission spectroscopy will con- 
tinue to be fully treated. 

In the future, the journal will be pub- 
lished in four-issue volumes, containing 
the same number of pages as hitherto 
published in the six-issue volumes, and it 
is hoped that the journal will appear 
monthly. This increased rate of publica- 
tion will make possible rapid publication 
of papers and also of short research notes, 
up-to-date reports on spectroscopic meet- 
ings, and general information of interest 
to spectroscopists. It is hoped that full- 
length papers can be published within 90 
days of their acceptance and short com- 
munications within a maximum of 60 
days. 


Teachcr Shortage in West Germany 


The German Research Association, 
Bonn, has reported in its most recent 
survey that the shortage of science teach- 
ers in West German technical schools is 
“catastrophic.” The report seems to in- 
dicate that some of the factors produc- 
ing critical shortages in the United States 
are also operative in West Germany. 
These factors include an inadequate 
number of technical schools for the grow- 
ing population, small teaching staffs, and 
poorly equipped technical schools. 

The report says that there is a 60 per- 
cent shortage of engineers and assistants 
in the technical schools. The shortage of 
technical and workshop personnel in the 
school system has risen to 96 percent. 

Further, the physical condition of the 
school buildings in many cases is very 
poor. Almost 50 percent of the schools 
specializing in chemistry were con- 
structed before 1918. Between 20 and 30 
percent of these institutions are de- 
scribed as “dilapidated.” More than two- 
thirds of the schools are too small. 

The income of science teachers com- 
pared with that of their graduates poses 
the same problem as in the United 


States. The shortage of technical person- 
nel in engineering and chemical indus- 
tries has also assumed a pattern similar 
to that in the United States. The Sun- 
day editions of leading newspapers con- 
tain as many as eight and ten pages of 
classified advertisements for electronic, 
mechanical, construction, chemical, and 
steel engineers. Foreign concerns, includ- 
ing American organizations, have also 
been advertising for trained personnel to 
be employed in their German or overseas 
plants. 


Public Relations and the Laboratory 


Leland Haworth, director of Brook- 
haven National Laboratory, recently 
warned a group of Latin-American sci- 
entists that the public relations aspect of 
any atomic program is of primary im- 
portance. To demonstrate his point, he 
described the succession of events that 
followed the accident that took place at 
Brookhaven last month, when several 
laboratory staff members were injured, 
none fatally, in a chemical explosion. 

Within minutes after the news of the 
explosion had been made public by bul- 
letins and radio broadcasts, the labora- 
tory switchboard was swamped. A De- 
troit editor had asked how much of Long 
Island had been destroyed; the Times of 
London wanted all details; one report 
said that there had been 1000 fatalities; 
the Oak Ridge National Laboratory 
wanted to known how it could help; 
and Haworth’s daughter in California 
phoned that evening to see how he had 
come through the disaster. 

Haworth deplored any unscheduled 
explosion, even in a test laberatory, but 
he emphasized that every nuclear re- 
search center should have well-organized 
public relations and press information 
sections fully prepared to deal with such 
emergencies. He went on to comment as 
follows about news and radio people: 
“They do things differently from scien- 
tists, who hold accuracy first and speed 
second. In some quarters, matters of pub- 
lic information are reversed. The Wed- 
nesday [explosion] event is a case in 
point. When word was passed out, there 
was a news chain reaction that went to 
many parts of the world.” 


N.Y.U.—Bell Laboratories Program 


A graduate study center will be estab- 
lished by New York University at the 
Bell Telephone Laboratories this fall. At 
the center certain Bell Laboratories em- 
ployees will be able to earn advanced 
engineering degrees by attending classes 
during regular business hours while re- 
ceiving full-time pay. 

A committee of Bell scientists worked 
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with the administration and faculty of 
the College of Engineering of New York 
University in drawing up a program se- 
lected from regular graduate offerings of 
the university. These courses, emphasiz- 
ing particularly mathematics, physics, 
and basic communications, are designed 
to develop a strong background for en- 
gineers embarking on careers in creative 
work in the field of communications. 
This will be the first graduate center to 
be established by New York University 
in cooperation with industry. 


Mental Health Awards 


The Foundations’ Fund for Research 
in Psychiatry has announced that 15 Oct. 
is the next deadline for the submission of 
applications for research fellowships and 
research teaching grants in psychiatry, 
psychology, sociology, neurophysiology, 
and other sciences relevant to mental 
health. Interested persons and depart- 
ments are invited to write for details to 
Foundations’ Fund for Research in Psy- 
chiatry, 251 Edwards St., New Haven 11, 
Conn. 


Zoological Nomenclature 


The International Commission on Zo- 
ological Nomenclature has announced 
that beginning 6 Nov. it will start voting 
on the following cases involving the pos- 
sible use of its plenary powers for the 
purposes specified. Full details were pub- 
lished in the 6 May issue of the Bulletin 
of Zoological Nomenclature (Vol. 13, 
Part 5): (i) squilla Linnaeus, 1758 


(Cancer), suppression; adspersus Rathke, 


1837 (Palaemon), designation of, as type 
species of Palaemon Weber, 1795 (Cl. 
Crustacea, Order Decapoda); (ii) Dra- 
cunculus Reichard, 1759, validation of, 
with Gordius medinensis Linnaeus, 1758, 
as type species (Cl. Nematoda); (iii) 
Mansonia Blanchard, 1901 (Cl. Insecta, 
Order Diptera), validation. Comments 
should be sent as soon as possible and in 
duplicate to the secretary of the commis- 
sion, Francis Hemming, 28 Park Village 
East, Regent’s Park, London, N.W.1. 


Rare Chemicals 


The following chemicals are wanted 
by the Registry of Rare Chemicals, Ar- 
mour Research Foundation of Illinois In- 
stitute of Technology, 35 W. 33 St., Chi- 
cago 16, Ill.: alpha-Thujene; Trimethyl 
arsine; 2,4,6-Trimethylheptane; _Per- 
fluoroisovaleric acid; Perfluoro-n-hep- 
tane; Pentaiodobenzene; Pyrazinecarbox- 
amide; 3,4-Lutidine; Sabinene; Santene; 
Tri-iso-butyl phosphate; Tri-n-hexy] 
phosphine oxide; 1,2,3,4-Tetraiodoben- 


7 JUNE 1957 





* 


zene; 1,3,5-Triiodobenzene; 2,2’,4,4’-Tet- 
ramethyldiphenylamine; Potassium pic- 
rate; 1-Methylcyclohexanol; Ovalene; 
Isomenthone; Cadinene. 


Proposed Legislation 


Of the many bills introduced in Con- 
gress, some have a special relevance to 
science and education. A list of such bills 
introduced recently follows: 

HR 6895. Discharge more effectively 
obligations of U.S. under certain con- 
ventions and protocols re institution of 
controls over manufacture of narcotic 
drugs. Karsten (D Mo.) House Ways 
and Means. 

HR 6548. Amend Universal Military 
Training and Service Act, as amended, 
as regards persons in medical, dental 
and allied specialist categories. Vinson 
(D Ga.) House Armed Services. 

HR 6719. Provide adjustments in or- 
ganization and salary structure of De- 
partment of Medicine and Surgery in 
Veterans’ Administration. Long (D La.) 
House Veterans’ Affairs. 

HR 6897. Provide that persons who 
have filed petitions for naturalization be 
employed as doctors in Medical Service 
of Department of Medicine and Surgery 
of Veterans’ Administration. Knutson 
(D Minn.) House Veterans’ Affairs. 

HR 6126. Amend Civil Service Re- 
tirement Act to provide certain service 
in Coast and Geodetic Survey and Public 
Health Service be considered to be mili- 
tary service for purposes of such act. 
Broyhill (R Va.) (by request) House 
Post Office and Civil Service. 

S 1862. Establish the Patent Office 
as an independent agency in executive 
branch of Government. O’Mahoney (D 
Wyo.), Wiley (R Wis.) Senate Govern- 
ment Operations. 

HR 6602. Provide for establishment of 
a commission to study shortage of doc- 
tors of medicine in U.S. Dorn (R N.Y.) 
House Interstate and Foreign Commerce. 

S 1863: Provide for limiting the life 
of a patent to a term commencing with 
date of application. O’Mahoney (D 
Wyo.), Wiley (R Wis.) Senate Judiciary. 

S 1621. Amend act of Dec. 24, 1942 
(56 Stat. 1086, 43 U.S.C., sec. 36b), en- 
titled “An act to authorize Secretary of 
Interior to acquire lands or interest in 
lands for Geological Survey.” Murray 
(D Mont.) Senate Interior and Insular 
Affairs. 

HR 5817. Authorize for each fiscal 
year an appropriation into migratory 
bird conservation fund equal to all 
moneys received for Federal migratory- 
bird hunting stamps during next preced- 
ing calendar year. Dingell (D Mich.) 
House Merchant Marine and Fisheries. 

HR 6541. Provide that Secretary of 
Commerce be authorized to furnish 


weather reports. to air-pollution-control 
agencies. Roosevelt (D Calif.) House 
Interstate and Foreign Commerce. 

S 1918. Amend P.L. 31, 84th Congress, 
Ist session, to increase authorization for 
appropriation to Atomic Energy Com- 
mission for construction of modern office 
building in or near D.C. to serve as its 
principal office. Pastore (D R.I.) Joint 
Committee on Atomic Energy. 

H Con Res 163. Express sense of Con- 
gress that Atomic Energy Commission 
should establish an experimental nuclear 
reactor in state of Washington. Pelly (R 
Wash.) Joint Committee on Atomic 
Energy. 

HR 5889. Authorize appropriations for 
Atomic Energy Commission for acquisi- 
tion or condemnation of real property or 
any facilities, or for plant or facility ac- 
quisition, construction or expansion. Dur- 
ham (D N.C.) Joint Committee on 
Atomic Energy. 

HR 5954. Provide for an experimental 
research program in cloud modification. 
Baring (D Nev.) House Interstate and 
Foreign Commerce. 

HR 6005. Make evaluation of recre- 
ational benefits and wildlife develop- 
ment resulting from construction of any 
flood control, navigation, or reclamation 
project an integral part of project plan- 
ning. Trimble (D Ark.) House Interior 
and Insular Affairs. 

HR 6571. Provide for establishment of 
a Federal Nuclear Science Academy. 
Patterson (R Conn.) Joint Committee 
on Atomic Energy. 

HR 6691. Authorize a 10-year program 
for acquiring national migratory bird 
refuges and areas. Reuss (D Wis.) House 
Merchant Marine and Fisheries. 

HR 6807. Provide for establishment 
of a fish hatchery in state of Wisconsin. 
Withrow (R Wis.) House Merchant Ma- 
rine and Fisheries. 

HR 6959. Authorize Secretary of In- 
terior to cooperate with Federal and 
non-Federal agencies in augmentation of 
natural food supplies for migratory 
water-fowl. Boykin (D Ala.) House Mer- 
chant Marine and Fisheries. 

HR 5877. Amend Internal Revenue 
Code of 1954 to allow additional income 
tax exemption for dependent who is 
student. Jennings (D Va.) House Ways 
and Means. 

HR 6105. Amend Internal Revenue 
Code of 1954 to allow deductions for 
amounts paid by teachers for further 
education. Teague (R Calif.) House 
Ways and Means. 


Scientists in the News 


EDWIN C. KEMBLE, director of 
the Institute for Teachers of Science and 
Mathematics which Harvard University 
will conduct during the coming aca- 
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demic year, will become professor emer- 
itus on 1 July. Kemble, a theoretical 
physicist with long experience in teach- 
ing elementary and advanced scientific 
courses, has been closely identified with 
Harvard’s general education program in 
physical science since its inception. At 
present he is preparing An Introduction 
to Physical Science, a textbook for the 
use of general education students. He 
will devote full time next year to the new 
institute for high-school teachers, which 
is part of a program being sponsored by 
the National Science Foundation. 

Kemble was chairman of the depart- 
ment of physics at Harvard from 1940 
to 1945 and in charge of the instruction 
in physics for the Army and Navy officer- 
candidate training units at the university 
during World War II. During the same 
period he was engaged in propeller re- 
search for the Navy at the Underwater 
Sound Laboratory. In the spring of 1945 
he was sent overseas as deputy scientific 
chief of the ALSOS military intelligence 
mission. 

He attended Ohio Wesleyan Univer- 
sity and Case Institute of Technology. 
He received his B.S. degree in 1911 from 
Case, which bestowed an honorary doc- 
torate in 1931. He received his A.M. de- 
gree at Harvard in 1914, and his Ph.D. 
degree in 1917. 

His first teaching experience was at 
Carnegie Institute of Technology in 
1911-13; in 1917 and 1918 he was em- 
ployed as an engineering physicist by the 
Curtis Aeroplane Company at Buffalo, 
N.Y.; and in 1919 he returned to Har- 
vard as instructor in physics. He has been 
a professor since 1930, the year in which 
he also earned a Guggenheim fellowship. 

Most of Kemble’s research activity has 
been in theoretical atomic physics, in- 
cluding band spectra, statistical mechan- 
ics, and the philosophic problems of 
quantum mechanics. As chairman of the 
National Research Council Committee 
on Radiation in Gases, he was coauthor 
of the committee’s report Molecular 
Spectra in Gases, published in 1937. 
That same year he also published Fun- 
damental Principles of Quantum Me- 
chanics. He was chairman of the Cou- 
lomb’s Law Committee of the American 
Association of Physics Teachers, 1946- 
49, and chairman of the physics section 
of the National Academy of Sciences, 
1945-48, He is a member of the National 
Academy of Sciences and a fellow of 
the American Physical Society and the 
American Academy of Arts and Sciences. 


ALLISON BUTTS; professor of met- 
allurgy at Lehigh University, who has 
been teaching at that institution for the 
past 41 years, was recently honored at 
the tenth annual faculty dinner. He will 
retire on 30 June. 

Technical editor and author as well as 
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teacher, Butts served as head of Lehigh’s 
department of metallurgy from 1952 un- 
til last year, when he gave up admin- 
istrative duties to devote full time to 
teaching, research, and writing. Prior to 
joining the Lehigh faculty in 1916, he 
was a research chemist for the United 
States Metals Refinery Company, Car- 
teret, N.J. 

He has served as associate editor of 
The Mineral Industry for 11 years and 
as consultant and contributor to several 
dictionaries and encyclopedias. He is the 
author and editor of a number of books. 
His latest volume, for which he was edi- 
tor, is Copper: the Science and Technol- 
ogy of the Metal, Its Alloys, and Com- 
pounds. 

Butts was graduated from Princeton 
University with a bachelor of arts de- 
gree. He received his bachelor of science 
degree from the Massachusetts Institute 
of Technology. 


Sir JOHN COCKROFT, director of 
the British Atomic Energy Research 
Establishment, left on 17 May for a lec- 
ture tour in Poland as a guest of the 
Polish Academy of Science. 


A. J. P. MARTIN, winner of the 
Nobel prize in chemistry, and his col- 
league A. T. JAMES came to the United 
States recently to receive the annual spe- 
cial award of the Society of Cosmetic 
Chemists. The two British scientists were 
honored for their publications on gas- 
liquid chromatography. 


CARL G. PAULSEN, chief hydraulic 
engineer for the U.S. Geological Survey, 
has retired and LUNA B. LEOPOLD 
has been promoted to succeed him. Also, 
RAYMOND L. NACE has been ad- 
vanced to assistant chief of the Survey’s 
Water Resources Division. 

Paulsen had been chief of the Water 
Resources Division for more than a dec- 
ade. With more than 45 years of Govern- 
ment service already behind him, he will 
continue to serve as Delaware River 
Master and will continue also in a special 
advisory capacity on a number of inter- 
national water commissions. 

Paulsen entered Government service 
in 1911 as hydrographer with the Bureau 
of Reclamation. He earned the bachelor 
of science degree in civil engineering 
from the University of Idaho in 1913, 
and joined the Geological Survey in the 
same year. He became chief of the sur- 
face water branch in 1931, assistant chief 
hydraulic engineer in 1940, and chief in 
1946. 

In addition to service in the United 
States, Paulson has had general super- 
vision of hydrologic investigations in 
Alaska and Hawaii and has undertaken 
similar work in Iraq. He is also a mem- 
ber of several joint international engi- 


neering boards for the International Joint 
Commission between Canada and the 
United States. 


WARREN S. WOOSTER, assistant 
research oceanographer at the University 
of California’s Scripps Institution of 
Oceanography, will start a 1-year leave 
of absence on 15 June to direct the ma- 
rine research program of the Republic 
of Peru. He will be stationed in Lima. 

Wooster’s appointment stems from a 
recent agreement between the Peruvian 
Council of Hydrobiological Investiga- 
tions, the Scripps Institution, and the 
Inter-American Tropical Tuna Commis- 
sion. Under the agreement, the Scripps 
Institution will train Peruvian oceanog- 
raphers and will give leave of absence to 
staff members chosen to aid the Peruvian 
research studies. In return, the institu- 
tion will receive data collected in Pe- 
ruvian waters. 

The Peruvian council is supported by 
four groups: the Peruvian Navy; the 
Guano Company, which harvests the 
fertilizer deposits left by sea birds on the 
rocky islands off the Peruvian coast; the 
Peruvian Fish and Wildlife Service; and 
the Peruvian fishing industry, Financial 
support for the marine research program 
comes from fees paid by American tuna 
fishermen, who pay to collect bait in 
Peruvian waters and to use Peruvian 
ports. 

Wooster’s task will be to organize and 
direct the new research program. His 
first project will be an oceanographic 
study of the northern boundary of the 
Peru Current, where most of the tuna 
fishing is done. He will also study “El 
Nifio,” a warm current from the north 
which occasionally sweeps down the Pe- 
ruvian coast and causes the death of 
many fish and birds. 


Y. C. LEE has been named director of 
research and planning for the Liquid 
Engine Division of the Aerojet-General 
Corporation, Azusa, Calif. Lee, a native 
of China who served with the Chinese 
Air Force from 1931 to 1935, was gradu- 
ated from the California Institute of 
Technology with a B.S. in aeronautical 
engineering in 1938 and joined Aerojet- 
General in 1949. 


The following men received awards 
during the recent annual meeting of the 
Aero Medical Association: 

Col. JOHN P. STAPP, USAF (MC), 
chief, Aero Medical Field Laboratory, 
Holloman Air Force Base, N.M., is the 
first recipient of the Eric Liljencrantz 
award, established by Pfizer Labora- 
tories, division of Chas. Pfizer & Co., Inc. 
The award, consisting of a plaque and an 
honorarium, will be given annually for 
outstanding achievement in the solution 
of problems of high-speed flight and ac- 
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celeration. The late Dr. Liljencrantz, 
whose memory the award perpetuates, 
was a reserve naval Medical Corps officer 
who lost his life in an aircraft accident 
in 1942 while conducting experiments 
with a new type of accelerometer. 

Maj. DAVID G. SIMONS, USAF 
(MC), chief, space biology branch, Aero 
Medical Field Laboratory, Holloman 
Air Force Base, N.M., received the Ar- 
nold D. Tuttle award for the best re- 
search report published in the Journal 
of Aviation Medicine in the past 2 years. 
The winning article was “1954 Aero 
medical field laboratory balloon flights; 
physiological and radiological aspects.” 

Capt. CHARLES F. GELL, MC, 
USN, director, Air Crew Equipment 
Laboratory, Naval Material Center, 
Philadelphia, received the Theodore C. 
Lyster award, which is given annually 
for outstanding achievement in the gen- 
eral field of aviation medicine. Geli is a 
specialist in acceleration. 

Brig. Gen. EUGEN G. REINARTZ, 
USAF (MC), retired, Carmel Valley, 
Calif., received the Raymond F. Long- 
acre award, which is given annually for 
outstanding accomplishments in the psy- 
chologic and psychiatric aspects of avia- 
tion medicine. 


ROBERT P. RICE, formerly chief . 


chemist at the Columbia Southern 
Chemical Corporation, Jersey City, N.J., 
has joined the American Potash and 
Chemical Corporation as chief control 
chemist at the company’s Henderson, 
Nev., plant. 


HENRY KOFFLER, professor of bac- 
teriology at Purdue University, received 
the $1000 Eli Lilly research award in 
bacteriology and immunology during the 
recent meeting of the Society of Ameri- 
can Bacteriologists. He was honored for 
research achievements that include: dis- 
covery of unique chemical structures that 
permit some organisms to thrive at tem- 
peratures high enough to kill most living 
creatures; studies on structural polymers 
in microorganisms, especially fibrous 
proteins in bacteria and cell-wall sub- 
stances in fungi; clarification of the inti- 
mate details of metabolism in such molds 
as those that synthesize penicillin and 
streptomycin; and development of the 
peptide antibiotic circulin (including its 
crystallization and studies on its chem- 
istry), and the demonstration that this 
antibiotic acts on the surface structures 
of bacterial cells rather than within the 
cells. 


R. W. TOWNLEY, chemist, who has 
headed basic research at Personal Prod- 
ucts, Milltown, N.J., for the past 3 years, 
resigned recently to form his own firm, 
known as Townley Research and Con- 
sulting, Gillette, N.J. 
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NATHAN J. SMITH, associate pro- 
fessor of pediatrics at the University of 
California, Los Angeles, has been named 
chairman of the University of Wisconsin 
Medical School’s department of pediat- 
rics, pediatrician-in-chief of University 
Hospitals, and the university’s first Dr. 
Alfred D. Daniels professor on diseases of 
children. 

Also at Wisconsin, JOSHUA LEDER- 
BERG has been named half-time chair- 
man of the department of medical ge- 
netics. Lederberg will continue his work, 
on a half-time basis, in the department 
of genetics of the College of Agriculture. 


The following men were honored at 
the first Pan American Cancer Cytology 
Congress: JOSE M. MEZZADRA of the 
University of Buenos Aires, Argentina, 
received the University of Miami award 
of merit; GEORGE GEY of Johns Hop- 
kins University received the Wien award 
for 1956; and WILLIAM TERZANO 
of Buenos Aires, Argentina, received the 


Wien award for 1957. 


EDWARD L. MICHAELS, specialist 
in electronics and color television, will 
teach electrical engineering classes at the 
Finland Institute of Technology, Hel- 
sinki, during a leave of absence from the 
Hughes Aircraft Company research labo- 
ratories. 


FERDINAND P. BEER, who joined 
the Lehigh University faculty in 1947, 
has been named head of the department 
of mechanics. The establishment of a 
curriculum in engineering mechanics 
starting this September was approved by 
the university’s board of trustees at its 
spring meeting. 


C. D. DAVIS of the University of 
Missouri School of Medicine has resigned 
as professor in obstetrics and gynecology 
to accept an appointment to Yale Uni- 
versity Medical School. Also at Missouri, 
W. A. SODEMAN has resigned as chair- 
man of the department of medicine ef- 
fective 1 Aug. 


HOMER R. WOLFE has joined the 
staff of the Wenatchee (Wash.) Field 
Station of the U.S. Public Health Serv- 
ice’s Communicable Disease Center. As 
an entomologist he will be conducting 
exposure studies to evaluate the health 
hazards associated with the agricultural 
uses of pesticides. Wolfe leaves the Tree 
Fruit Experiment Station of the State 
College of Washington, where he has 
been employed as an entomologist for 
the last 10 years. He replaces GORDON 
S. BATCHELOR, who resigned in No- 
vember 1956 to do technical service work 
for the General Chemicals Division of 
the Allied Chemical and Dye Corpora- 
tion. 


D. T. SMITH, James B. Duke profes- 
sor of bacteriology in the Duke Univer- 
sity Medical School and chairman of the 
department of microbiology and the de- 
partment of preventive medicine and 
public health, has received the Trudeau 
medal of the National Tuberculosis As- 
sociation. He was selected for the award 
as the person who has made the most 
outstanding contribution in tuberculosis 
work in the United States. 


Dartmouth College has announced 
that the following professors will retire 
this year: FREDERICK PAGE and 
JAMES POOLE, botany; ANDREW 
SCARLETT, chemistry; and ELLS- 
WORTH D. ELSTON, geology. 


Recent Deaths 


NELL V. BEEBY, Jackson Heights, 
N.Y.; 60; executive editor of the Ameri- 
can Journal of Nursing Company; 17 
May. 

ARTHUR F. BENTLEY, Paoli, Ind.; 
86; author, philosopher, and political sci- 
entist whose writings included works on 
mathematics and the philosophy of sci- 
ence; 21 May. 

KARL F. BONHOEFFER, Goetting- 
en, Germany; 58; head of the Max 
Planck Institute for Physical Chemistry; 
announced 20 May. 

DOUGLASS BURNETT, Baltimore, 
Md.; 85; utilities executive, early re- 
search worker in the development of 
electricity who was associated with 
Thomas A. Edison; 16 May. 

THEOPHILE De DONDER, Brus- 
sels, Belgium; 84; professor emeritus of 
mathematical physics at the University 
of Brussels; 11 May. 

FLOYD C. FAIRBANKS, Kingsville, 
Tenn.; 75; retired professor of physics 
and astronomy at the University of 
Rochester; 22 May. 

WALTER M. LIPPINCOTT, Lyn- 
brook, N.Y.; 85; retired orthopedic sur- 
geon and former professor at New York 
Post-Graduate Hospital and Medical 
School; 15 May. 

HAROLD L. LYON, Honolulu, Ha- 
waii; 77; director emeritus of the Ex- 
periment Station, Hawaiian Sugar Plant- 
ers’ Association; botanist and former 
director of the Foster Botanical Gardens; 
15 May. 

WERNER WOLFF, Annandale, N.Y.; 
53; professor of psychology and chairman 
of the department at Bard College; 18 
May. 


Erratum: In “Potentially simple technique for 
rearing “germ-free fish” by Evelyn Shaw [Science 
125, 987 (17 May 1957)] the second sentence of the 
second paragraph should read: “Of 25 trials (con- 
sisting of 10 eggs per trial) treated in this manner 
(3), eight trials remained germ-free throughout 
the experiment.” 
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Enhancement of 
Activity of Nerves by X-rays 


No report of the response of excised 
mammalian nerves during x-irradiation 
has heretofore been published (1). Re- 
cordings made at the end of irradiation 
or at considerable periods after irradia- 
tion fail to show the dynamic changes 
that take place during irradiation which 
are reported in this paper (2). Nerves 
transferred from irradiation chambers to 
recording chambers have failed to give 
the highly reproducible values that are 
necessary in quantitative work of this 
type. 

The paired ventral caudal nerves of 
the rat were chosen because they possess 
a uniform fiber spectrum (3) and there- 
fore exhibit sharp, compact spike poten- 
tials. They are long nerves with a mini- 
mum of branching, well adapted to 
studies on conduction velocity. Their ac- 
tivity is not highly dependent on tem- 
perature. 

Each nerve was irradiated on plati- 
num electrodes in a specially constructed, 
sealed chamber, which was affixed to the 
x-ray tube. A fine spray of oxygenated 
Ringer-Locke’s solution was capable of 
keeping the nerve in excellent condition 
for periods well over 24 hours, with ade- 
quate provision to keep the electrodes 
from shorting out. The stock of solution 
which served as the source of the fine 
spray was itself not irradiated. 

X-irradiation was carried out at 280 
kv (peak) and 20 ma at a dose rate of 
6 kr/min, Electrophysiological apparatus 
was employed to procure records of the 
response of the nerve to square-wave 
stimulation during irradiation. Single su- 
pramaximal stimuli were applied only 
at the time a recording was made. Simul- 
taneous recordings from two pairs of 
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Reports 


electrodes, one near the proximal end 
of the nerve, the other near the distal 
end of the nerve, separated by 50 mm, 
were displayed on the face of a cathode- 
ray tube, Photographic records of the re- 
sponses of the nerves were made from 
these tracings; they were later projected 
on a screen for exact determination of 
values. The amplitude of spike potential 
and the conduction velocity were estab- 
lished for control nerves and for nerves 
under irradiation. 

Irradiation was begun only after a 
period of stabilization during which the 
output of the nerve was shown to be con- 
stant for a period of time exceeding that 
of the period of irradiation. Figure 1 
shows the result of x-irradiation on the 
spike amplitude and conduction velocity 
of a typical nerve. An almost immediate 
response to x-irradiation is obvious in 
Fig. 1, but it was not anticipated that 
the effect would be to enhance the activ- 
ity of the nerve. There was an initial 
small increase in conduction velocity fol- 
lowed by a steady decrease which was 
quite independent of the increase in 
spike amplitude. The increase in spike 
amplitude, which has now been recorded 
in more than 50 cases, has been as great 
as 60 percent, with a mean of 25.6 per- 
cent; in only 6 percent of the cases did 
the nerve fail to show an increase in 
spike amplitude as a result of irradiation. 
Conduction velocity, on the other hand, 
has shown an average increase of only 
5.8 percent, with 20 percent of the nerves 
failing to show an increase. In one sense, 
the conduction velocity was more sensi- 
tive to x-rays than the spike amplitude, 
for it began to decrease long before the 
spike amplitude began to decrease; in 
another sense, it was less sensitive, for 
the response was less and, at expiration 
of the nerve, when spike amplitude was 
essentia!'y zero, conduction velocity was 
still approximately 50 percent of the 
original velocity. 

Factors that affect the ability of the 
nerve to respond as a result of x-irradia- 
tion are under extensive investigation. It 
may be noted that the increase in spike 
amplitude is greatest for nerves that are 
kept in the solution the shortest time 
prior to irradiation. After 24 hours, the 
increase in spike amplitude, in response 
to x-irradiation, is less than 5 percent. A 


second factor of importance in the mag- 
nitude of the response of the nerve to 
x-irradiation is the dose rate. At higher 
dose rates, the increase in spike ampli- 
tude is considerably less than it is at 
lower dose rates. This suggests that there 
may be two competing processes pro- 
ceeding at different rates. One tends to 
increase the output of the nerve, and the 
other tends to destroy the activity of 
the nerve. It is the latter that is observed 
in most biological responses to x-irradia- 
tion. 

The increased output of the nerve is 
not a reversible phenomenon, but is the 
result of an altered condition of the 
nerve, possibly an alteration in the per- 
meability of the membrane, and is not 
dependent on concomitant bombardment 
by x-rays. This was proved by the fact 
that nerves continued to respond at high 
levels when, during the course of irradi- 
ation, the x-ray beam was turned off. 

An explanation of the increase in out- 
put of the nerve under irradiation may 
be sought in the fact that x-irradiation 
may increase the ionic permeability of 
the membrane, which, in turn, may in- 
crease the magnitude of the action po- 
tential. After the increase in permeabil- 
ity which is manifested by an increase in 
the action potential, further increase in 
permeability, to the point of impairment 
of the activity of the nerve, would then 
lead to a decline in activity and ultimate 

















* 
\ 
. 
~ | a NN 
es ae ¥ 
= | t “ana . 
» | * i 
~ nnini ‘s. \ 
S Beg: g of ‘8 \\ 
= X irradiation = \\ 
S a-0 \ | 
q Oy \\ 
| ‘alt 
w sag 
= | ' iba 
5 hy 
m4 | . co 
= 05+ | 
} e—o Proximal Spike Amplitude \\ 
re 
- *| 
e—e Oistai Spike Amplitude \8 
® 
a—a Conduction Velocity \\ | 
| | 
\ | 
i\ 
eo 
+ 
| 
oL rn ities de J 
20 40 60 80 100 
MINUTES 
0 120 240 360 480 
KILOROENTGENS 


Fig. 1. Relative activity of caudal nerve 
of a rat as a function of time and dose of 
x-rays. Two pairs of electrodes were uti- 
lized to give the values. One pair was lo- 
cated proximally and the other distally, 
separated by 50 mm. The value of proxi- 
mal spike amplitude, distal spike ampli- 
tude, or conduction velocity at time ¢ is 
represented by x, while the corresponding 
value at the beginning of irradiation is 
represented by xo. 
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extinction. A sound foundation for this 
hypothesis is given by the work of Roth- 
enberg (4), who showed that x-irradia- 
tion increased the permeability of the 
squid axon to sodium-24; the importance 
of Nat ions in the propagation of the 
nerve impulse is well known. The prob- 
lem still to be answered, however, is why 
the conduction velocity falls during ir- 
radiation while the spike amplitude is 
rising. 

C. S. BACHOFER 
Department of Biology, University of 
Notre Dame, Notre Dame, Indiana 
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Mode of Action of Antigen and 
Other Smooth-Muscle Stimulants 


Smooth muscle from an antigenically 
sensitized animal contracts upon reex- 
posure in'vitro to the antigen (/). This 
phenomenon, the Schultz-Dale reaction, 
may form a basis for several hypersensi- 
tive conditions (reviewed by Seegal, 2). 
Because the Schultz-Dale reaction is pre- 
vented by botulinum toxin, and by cer- 
tain substances that are capable of inter- 
fering with conduction in nerve, involve- 
ment of nerve in the process seems likely 

3). Ganglionic blocking agents do not 
prevent the reaction. This report (4) 
offers information concerning the rela- 
tionship of the Schultz-Dale reaction to 
the action of other smooth-muscle stimu- 
lants. 

Ileum from guinea pigs sensitized to 
egg albumin was set up in a muscle bath 
containing Tyrode’s solution and ar- 
ranged for kymographic recording of the 
contractions of the longitudinal muscle 
as previously described (3). Supposed 
inhibitors and stimulants were added to 
the bath. The concentration of antigen 
chosen was 10 times that which pro- 
duces a just-perceptible contraction of 
the ileum. Concentrations of the other 
stimulants were as follows: serotonin, 
2.0 ug/ml; nicotine, 2.0 ug/ml; acetyl- 
choline, 0.02 ug/ml; barium chloride, 
0.2 mg/ml; and histamine, 2.0 ug/ml. 
Several concentrations of each inhibitor 
were used; the concentrations given in 
subsequent paragraphs are those that il- 
lustrate most clearly the difference be- 
tween the actions of the various stimu- 
lants. 

Our present interpretation of the re- 
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sults is given in terms of a diagram (Fig. 
1), patterned after one of Ambache (5), 
which attempts to indicate mechanisms 
consistent both with our data and with 
much of the enormous pertinent litera- 
ture. Solid arrows indicate hypothetical 
pathways of stimulation, and dashed 
lines indicate points at which inhibition 
is believed to take place. The principal 
steps in the development of the relation- 
ships thus expressed follow: 

Contraction of muscle owing to anti- 
gen, to serotonin, or to nicotine is pre- 
vented by low concentrations of alcohols 
and urethanes. This suggests a common 
step in the mechanisms of the actions of 
these three stimulants, probably conduc- 
tion in nerve, since alcohols and ure- 
thanes block conduction in the concen- 
trations that were used (6). 

Stimulation by antigen and by sero- 
tonin (but not by acetylcholine, hista- 
mine, or barium chloride) is prevented 
by structural analogs of serotonin, such 
as gramine, yohimbine, and bufotenine 
(all 0.02 mg/ml). This suggests that 
antigen may act by liberating serotonin, 
as Fink (7) has concluded from studies 
with mouse uterus. 

Stimulation by antigen is blocked by 
botulinum toxin, but stimulation by sero- 
tonin is not so blocked (3). This sug- 
gests that liberation of serotonin by anti- 
gen is the process blocked by botulinum 
toxin. 

The mechanism of stimulation by 
nicotine seems to be more complex, since 
ganglionic blocking agents are capable 
of inhibiting, often without completely 
abolishing, the response to this substance 
(5, 8). Moreover, nicotine stimulation 
is abolished by butolinum toxin (9). 
Nicotine stimulation was also found to 
be prevented by the structural analogs 
of serotonin, so nicotine may also act by 
liberating serotonin. 

Lower alcohols (ethyl, 1.0 percent; 
propyl, 1.0 percent; butyl, 0.4 percent; 
and amyl, 0.2 percent) do not prevent 
the contraction of muscle owing to ace- 
tylcholine or histamine, whereas higher 
alcohols (hexyl, 0.04 percent; heptyl, 
0.02 percent; and octyl, 0.02 percent) 
prevent stimulation by acetylcholine but 
not by histamine. Thus, histamine seems 
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Fig. 1. Hypothetical sites of action of stim- 
ulants and inhibitors upon smooth muscle 
and the associated nerve structures. 


to act at a site closer to the contractile 
mechanism than does externally applied 
acetylcholine. This observation recalls 
the demonstration by Dale and Gaddum 
(10) that the site of action of externally 
applied acetylcholine is probably not 
identical with that of the acetylcholine 
liberated by cholinergic nerve endings. 
The data also confirm results of others 
(9, 11) that suggest that the site of ac- 
tion of barium chloride, often supposed 
to be a direct muscle stimulant, may be 
close to that of acetylcholine. 

Watton B. GEIGER 

Hitma S. ALPERS 

Trinity University and Southwest 
Foundation for Research and Education, 
San Antonio, Texas 
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Instrumental Artifacts in 
the Determination of 
Difference Spectra 


A. H. Mehler (/) has warned of the 
serious errors that may arise because of 
the unavoidable stray light within the 
monochromator of single-beam spectro- 
photometers when a photomultiplier de- 
tector is employed to measure the dif- 
ference in optical density of two solutions 
of relatively high absorbance. This was 
illustrated by the apparent deviation 
from Beer’s law when the absorbance of 
a constant amount of each of various 
materials was determined as the differ- 
ence between two solutions of increasing 
absolute concentration. 

This report seeks to extend this warn- 
ing to the practice of determining the 
absorption characteristics of a given 
compound in the presence of other ab- 
sorbing species by using an appropriate 
blank to “zero out” the absorption owing 
to the extraneous compounds and thus to 
obtain a “difference spectrum.” We have 
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Fig. 1. Difference absorption spectra of tryptophan and 2,4-dinitrophenol, obtained with 
Beckman DU spectrophotometer and photomultiplier. (Left) Tryptophan. Each curve 
represents the difference spectrum due to 1 x 10*M tryptophan in 0.05M phosphate, pH 
7.8, and 0.005 percent Versene obtained as the difference between 0 and 1 x 10°M (@), 
4 and 5x 10*M (0), and 5 and 6x 10*M (A) respectively. (Right) 2,4-Dinitrophenol. 
Each curve represents the difference spectrum due to 1 x 10*M dinitrophenol in 0.05M 
phosphate, pH 7.8, obtained as the difference between 0 and 1 x 10°M, 1 and 2 x 10°*M, 
2 and 3 Xx 10*M, and so forth. The indicated figure represents the lower concentration. 


observed that, with solutions of only 
moderately high absorbance, such differ- 
ence spectra may be seriously misleading. 

Buffered solutions of 2,4-dinitrophenol 
and of tryptophan were prepared whose 
concentrations were 1x10-*M, 2x10-4*M, 
3 x 10-*M, and so forth. Difference spec- 
tra were determined between succeeding 
pairs in the series so that in each case 
the absorption spectrum due to a 1x 
10-*M solution was obtained. The results 
are shown in Fig. 1. 

It is clear that the nature of the appar- 
ent difference absorption spectrum 
changes as the absolute concentration of 
the absorbing material increases. The 
deviations from the true absorption spec- 
tra of these compounds are due entirely 
to the stray polychromatic light within 
the monochromator, which causes the 
apparent difference in optical density due 
to a given level of absorbing compound 
to decrease progressively as the absolute 
concentration increases. The use of a 
photomultiplier detector that permits 
determination of difference spectra be- 
tween solutions of high absolute absorb- 
ance increases the likelihood of this in- 
strumental artifact. Since this effect is 
most pronounced at the absorption 
maxima and is of least significance at 
the absorption minima, the entirely mis- 
leading data of Fig. 1 result. If these 
were difference spectra that had been 
obtained with a view toward identifying 
an unknown compound, they would be 


1142 


unrecognizable. In consequence, only in 
double-beam optical systems where the 
stray light is negligible may difference 
spectra obtained at high absolute ab- 
sorbances be determined with confi- 
dence (2). 
IRWIN FripovicH, WALTER FARKAS, 
Georce W. ScHweERrT, JR., 
Puitie HANDLER 
Department of Biochemistry, 
Duke University School of Medicine, 
Durham, North Carolina 
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Photosensitive Pigments from 
Retinas of Deep-Sea Fishes 


In November 1956, a new group of 
visual pigments was described briefly by 
Denton and Warren (1) from several 
species of deep-sea fishes. The new pig- 
ments were named “chrysopsins” or 
visual golds and characterized as having 
maximum sensitivity to light at a wave- 
length about 20 mu less than the Aas, 
of rhodopsin. The chrysopsins were not 
extracted from the retina, but were 
demonstrated by determining the den- 


sity changes when fresh retinas were 
bleached with white light. 

Through the kindness of Carl L. 
Hubbs of the Scripps Institution of 
Oceanography, bathypelagic deep-sea 
fishes were collected on an expedition 
made by the Scripps vessel Paolina-T in 
February 1957. The fishes were caught 
at night with a midwater trawl at depths 
of 280 to 380 fathoms near Guadalupe 
Island, Baja California, Mexico. Hubbs 
generously sorted the trawl collections 
and made field identifications by dim 
red light (2). The retinas were removed, 
and digitonin extracts were prepared by 
standard methods (3). Spectrophoto- 
metric examination and bleaching with 
narrow-band colored light allowed analy- 
sis of the retinal pigments present in 
these extracts (4). 

In general, the results of Denton and 
Warren were confirmed, Amex of the 
photosensitive pigment of Argyropelecus 
affinis Garman being 478 my (Fig. 1). 
The pigment was demonstrated to be 
homogeneous by partial bleaching ex- 
periments (3), The absorption spectrum 
and the hydroxylamine difference spec- 
trum of this retinal extract were in good 
agreement with the theoretical curve 
constructed from Dartnall’s nomogram 
(5) for a visual pigment with Ajax of 
478 mp. The greater absorption of the 
extract (curve 1) in the short-wave- 
length portion was caused by the pres- 
ence of light-absorbing impurities. The 
difference spectrum (curve 3) falls be- 
low the theoretical curve in this region 
because of the appearance of the violet- 
absorbing product of bleaching. The ab- 
sorption of the product of bleaching was 
maximal at 375 to 380 mu (pH 8.3) 
and at 365 to 370 mu when hydroxyl- 
amine was added, indicating that reti- 
nene, was the chromophore of the light- 
sensitive pigment (6). This pigment is 
therefore provisionally called pigment 
478, (the subscript means that retinene, 
is the chromophore). ; 

A retinal extract of Sternoptyx ob- 
scura Garman of the same family, Stern- 
optychidae, had a different photosensi- 
tive pigment with A,,,, at 485 mp, but 
with the same product of bleaching. In 
the unrelated Bathylagus wesethi Bolin 
(family Argentinidae), however, a 478, 
pigment like that of Argyropelecus was 
mixed in the extract with a rhodopsin 
(Amax, = 900 mw) in the ratio of about 
4/1. This was determined by selectively 
bleaching the red-sensitive rhodopsin 
with red light and then bleaching the 
478, pigment with orange and yellow 
light. The products of bleaching of the 
two pigments were spectrally identical, 
suggesting that retinene, was the chro- 
mophore of each. 

Further indications of diversity were 
found in extracts of other deep-sea 
fishes, each of which had only a single 


SCIENCE, VOL. 125 














ion 
in 
cht 
ths 
pe 
obs 
ons 
im 


ed, 


to- 
ith 
ly- 


nd 
he 


Us 








photosensitive pigment with the same 
product of bleaching as Argyropelecus 
and Bathylagus. Stomias atriventer Gar- 
man (family Stomiatidae) and the un- 
related Lampanyctus mexicanus Gilbert 
(family Myctophidae) both had 490, 
pigments. Slightly different was an ex- 
tract of Melamphaes bispinosus Gilbert 
(family Melamphaidae) with a light- 
sensitive 488, pigment. 

All the extracts showed surprisingly 
high concentrations of the photosensi- 
tive pigments. (In Fig. 1, curve 1, the 
optical density at 475 mp was 0.562 in 
an extract made from two small eyes.) 
The fishes examined probably all have 
pure-rod retinas. With histological meth- 
ods, Brauer (7) studied species of each 
genus reported here and found only rods 
in each of them. There is no direct evi- 
dence that the light-sensitive retinal pig- 
ments of these deep-sea fishes are visual 
pigments, This seems probable, however, 
in view of their characteristic shape, 
which agrees with Dartnall’s nomogram, 
and their products of bleaching, which 
are indicative of retinene,. Although the 
tendency of the retinal pigments to be 
shifted toward the blue end of the spec- 
trum was common to all the deep-sea 
fishes studied, there is no systematic 
trend apparent from this preliminary sur- 


vey. The extracted pigments differ from . 


rhodopsins.in their 4,,,,. but not in their 
retinene. Their wavelengths of maximum 
absorption approach the photosensitive 
pigments of certain mammals which also 
have Amax. less than 500 mp (8). Be- 
cause of this continuous spread of reti- 
nene, pigments, the use of the term 
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Fig. 1. Photosensitive pigment of Argyro- 
pelecus affinis. Curve 1, absorption spec- 
trum of unbleached retinal extract (no 
significant absorption between 580 and 
700 mu) ; curve 2, constructed from Dart- 
nall’s nomogram, assuming a maximum at 
478 mu; curve 3, hydroxylamine ex- 
periment, difference spectrum (maximum 
change, 0.071 optical density units) after 
exposure of extract to yellow light (580 
mp). 


7 JUNE 1957 


chrysopsin is confusing and therefore is 
not followed. The presence of a dual, 
light-sensitive pigment system in a pure- 
rod eye (Bathylagus), based on the sin- 
gle carotenoid retinene,, is particularly 
interesting (9). 

FREDERICK W. Munz* 
Department of Zoology, 
University of California, Los Angeles 
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Factors Affecting the 
Appearance of Picture Varnish 


Among the factors that affect the ap- 
pearance of a picture varnish of the spirit 
type, one might consider that the refrac- 
tive index of the resin would play a 
major role. Refractive index has entered 
the literature regarding picture var- 
nishes, yet I do not recall that its role 
has ever been demonstrated. There has 
certainly not been sufficient discussion of 
the subject. to reach agreement on 
whether the refractive index should be 
low (1) or similar to that of aged linseed 
oil (linoxyn) (2). In seeking to develop 
new protective coatings for the artist 
and conservator, our laboratory gave 
consideration to this problem. This re- 
port presents reasons for believing that 
variations in the refractive index of the 
resin, within the range 1.43 to 1.54, play 
a relatively minor, if not negligible, role 
in determining the appearance of spirit 
varnishes on the surface of paintings. 
Particular attention is drawn to varia- 
tions in appearance that are attributable 
to differences in the viscosity grades of 
the resin. 

Fresnel’s law relates the intensity of 
reflected light in terms of the angle of 
incidence and the refractive index. 
Under the restricted condition of per- 
pendicular incidence, the Fresnel equa- 
tion may be simplified to 


_ fa-t¥? 
= (85 





where J is the intensity of light of unit 
amplitude which is reflected and n is 

the refractive index. With this equation, 

values as follows may be calculated: 

n=1.1, 0.23 percent reflection; 1.3, 1.7 

percent; 1.5, 4.0 percent; 1.7, 6.7 per- 

cent. These values are essentially those 

attained at angles of incidence up to 

about 40 deg. 

The range of refractive indices in or- 
ganic coatings applied in the conserva- 
tion of art objects is limited and is per- 
haps no more than 0.17. Limitation is 
understandable if only atoms of carbon, 
hydrogen, and oxygen are to be used in 
building the molecules of durable ther- 
moplastics. By calculations from the sim- 
plified Fresnel equation, it is estimated 
that a linoxyn film of refractive index 
1.57 (near the upper limit) would re- 
flect 4.9 percent of the incident light. A 
film of refractive index 1.467 (near the 
lower limit) would reflect 3.6 percent. 
If reflection at the varnish-oil interface 
is considered, application of a varnish of 
refractive index 1.57 would result in no 
reflection and application of one of re- 
fractive index 1.467 would result in less 
than 1-percent reflection. 

Frequently, then, in picture varnish, 
we are concerned with absolute differ- 
ences in reflection of no more than 1 or 
2 percent. This is close to the limit of 
the sensitivity of the eye. Over a wide 
range of intensities, the relative thresh- 
old of just-perceptible-brightness is about 
1 percent of the intensity level to which 
the eye is adjusted (3). 

Regardless of the proportion of inci- 
dent light which is reflected, one’s 
impression of a surface is strongly in- 
fluenced by the relative sharpness or 
diffuseness of the reflected light. Meth- 
ods of expressing the distribution of the 
reflected light are aspects of “gloss” or 
“glossiness.” Judd (4) lists five types, 
five ways of expressing gloss: specular 
gloss, contrast gloss, distinctness-of- 
image gloss, sheen, and bloom. 

If one observes only the reflected light, 
the relative change from 3.6 to 4.9 per- 
cent is considerable. However, in view- 
ing a painting, the eye is perhaps ad- 
justed to the general level of illumina- 
tion in the room. An absolute difference 
of 1 to 2 percent is frequently negligible 
in comparison with variations in diffuse 
reflection—that is, gloss. In their inves- 
tigation of ceramic glazes, Dinsdale and 
Malkin (5) found that the measured and 
observed gloss did not follow in the order 
of increasing refractive index from 1.51 
to 1.66. 

Even with porous paint, experiment 
has demonstrated that the fluidity of a 
varnish at a given concentration of resin 
can play a greater role than refractive 
index in determining appearance. A lean 
paint of Bakelite polyvinyl acetate AYAT 
and ultramarine was prepared. The 
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Table 1. Color of lean polyvinyl acetate-ultramarine paint when varnished. 





Viscosity Refractive 





Varnish resin Solvent Color grade index of 
(centipoise) resin 
Experimental polymethacrylate Cycloparaffins Light 22 1.48 
Experimental polymethacrylate Cycloparaffins Dark 8 1.48 
AW-2 Cycloparaffins Dark 2 1:52 
Dammar Turpentine Dark LS 1.53 

Bakelite polyvinyl acetate AYAB Toluene Dark 9 1.467 

Bakelite polyvinyl acetate AYAT Toluene Light 114 1.467 
Polyvinyl alcohol Water Light —~ 400* o4 


* Value determined in water. 


paint did not rub off when it was rubbed 
with the hand, and yet it was porous to 
the applied varnishes. When the coat of 
varnish had dried, the value of the blue 
was noted simply as “dark” or “light.” 
Table 1 shows that varnishes prepared 
with resins of high viscosity grade ap- 
parently do not form an intimate contact 
with the paint, with the result that the 
color appears light irrespective of the re- 
fractive index. Practical applications im- 
mediately come to mind when one does 
not wish to darken colors in pastels and 
porous paints. 

The truly outstanding difference be- 
tween the properties of the traditional 
picture varnishes, dammar and mastic, 
and those of many proprietary polymers 
is not in their refractive indices, but in 
the viscosity of their solutions. In place 
of intrinsic viscosity, we have used the 
viscosity at 20 percent solids by weight 
in toluene at 70°F as a convenient meas- 
ure to characterize resins, giving it the 
name “viscosity grade.” A similar meas- 
urement has been used to classify chlo- 
rinated rubber (6). On this scale, dam- 
mar, mastic, and resin AW-2 (Badische 
Anilin und Soda Fabrik) have a viscos- 
ity grade between 1.2 and 1.3 centipoises 
(cp) whereas Bedacryl 122 X (I.C.I.) 
and Lucite 44 (du Pont) n-butyl poly- 
methacrylate have values about 48. Com- 
pared with dammar resin, polymers of 
high viscosity grade resist flow at a rela- 
tively low concentration of solids. As the 
solvent evaporates beyond this point, the 
film tends to conform to the contours of 
the paint surface (7). In this manner, a 
varnish formulated with a resin of high 
viscosity grade tends to be less glossy 
than the dammar type, which is able to 
remain fluid, continuing to level itself, 
until much more of the solvent has de- 
parted. 

Among museum authorities, interest in 
refractive index has centered about the 
appearance of coatings of polyvinyl ace- 
tate. The polymer long used in America, 
Bakelite vinyl resin AYAF (similar to 
the earlier Vinylite A), is one of rela- 
tively high (80 centipoises) viscosity 
grade. The formulation of Reid, origi- 
nally presented by Stout and Gettens, 
(8) was tested in our laboratory and 
found to give poor distinctness-of-image 
gloss when it was sprayed on window 
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glass, with the spray gun at a distance of 
10 to 20 inches from the glass. In a con- 
trol test, the gun emitted 35 to 70 ml of 
toluene per minute. Changes in formu- 
lation of the solvent markedly altered the 
gloss. This laboratory has for several 
years drawn the attention of museums to 
polyvinyl acetate polymers of 40- and 
9-centipoise viscosity grade (9, 10). 

Rosert L. FELLER* 
Mellon Institute of Industrial Research, 
Pittsburgh, Pennsylvania 
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Effect of Gibberellin on 
Cell Division in Hyoscyamus 


Recently it has been shown that gib- 
berellin, when it is applied to nonvernal- 
ized biennial Hyoscyamus niger will 
cause the formation of an elongate stem 
(1). Since the nonvernalized plant grows 
as a rosette—that is, without measurable 
internodes—it was suggested that the 
gibberellin caused an increase in the 
number of cells. This report presents 
direct evidence for an increase in cell 
division resulting from application of 
gibberellin to biennial H. niger (2). 





Plants of H. niger (biennial, purple- 
flowered strain) were grown from seed 
in a greenhouse in which the temperature 
was not permitted to fall below 20°C 
and in which the photoperiod was main- 
tained at 18 hours by supplementing 
natural light with artificial illumination. 
Crystalline gibberellin (3) was dissolved 
in glass-distilled water to which a small 
amount of a wetting agent (Tween 20) 
was added. The desired amount of gib- 
berellin was applied at the base of a 
leaf as close to the apex as possible by 
means of a hypodermic syringe. 

The apical region of the shoot (ro- 
sette) was prepared for microscopic ex- 
amination by fixation in formalin, acetic 
acid, and 50-percent ethanol (5/5/90); 
dehydration in tertiary butanol; imbed- 
ding in Tissuemat (mp 56°C); longi- 
tudinal sectioning at 6 wu; and staining 
with safranin and fast green according to 
the procedures outlined by Johansen 
(4). Generally, ten sections per plant, 
comprising a median slice of 60- thick- 
ness through the apical region, were ex- 
amined. Certain restrictions were im- 
posed on this research; only meta-, ana-, 
and telophase division figures were 
counted, and only the shoot apex proper 
and that part of the subapical region 
which is enclosed by the provascular tis- 
sue were examined (see Fig. 1, top). 
During the period in which observations 
were made, there was no measurable 
change in shape and total volume of the 
subapical region; hence, the cell division 
counts refer to the same tissue volume. 

In one experiment, plants were treated 
with 0.2 ml of a 25 mg/lit solution of 
gibberellin (equivalent to a dose of 5 ug 
per plant) while they were receiving 
continuous illumination. Illumination 
was supplied by fluorescent tubes (warm 
and cool white) yielding approximately 
500 ft-ca at plant height, at 23+ 2°C. In 
two other experiments, checking the 24- 
hour point, the plants were treated with 
gibberellin as described while maintained 
in greenhouse conditions, (varying tem- 
peratures, 18-hour photoperiod). Since 
the results were substantially the same 
for all three experiments, the data are 
grouped together. 

As can be seen from Table 1, there 
was no significant difference between the 
treated and control plants with respect 
to the number of division figures in the 
apical region. However, beginning be- 
tween 12 and 18 hours after treatment, 
the number of divisions in the subapical 
region underwent a striking increase. In 
this region, a distinction was made be- 
tween “longitudinal” and “transverse” 
division figures—that is, division figures 
the spindle axes of which form an angle 
of 0 to 45 deg or of 45 to 135 deg with 
the longitudinal axis of the plant (see 
Fig, 1, bottom). Table 1 shows that the 
increase relates mainly to the longitu- 
dinal ones; the differences in transverse 
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division figures between treated and con- 
trol plants were not significant at the 
l-percent level. This effect extended 
over the uppermost 650 to 800 u of the 
subapical region; below this distance, the 
number of mitotic figures drops rapidly 
to zero. 

The increase of stem growth by gib- 
berellin, the first gibberellin effect ob- 
served, and demonstrated in a great 
number of plants (5), is based on an in- 
crease in cell length, although in some 


#400 pH 


longitudinal 
division 








division 


Fig. 1. (Top) Semidiagrammatic drawing 
of the shoot of nonvernalized, biennial 
Hyoscyamus plant. Ap, apical region; 
SAp, subapical region; Pr, provascular 
tissue. (Bottom) Sketch showing the basis 
for selection of longitudinal and transverse 
cell division figures. 





transverse 
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cases a certain increase in cell number 
has been considered as probable (6). Our 
results show directly that gibberellin 
causes a great increase in the number of 
cell divisions in the subapical region of 
nonvernalized biennial H. niger rosettes, 
thus proving that gibberellin may func- 
tion as a regulator not only of cell elon- 
gation, but also of cell division. 

It is conceivable that the effect of gib- 
berellin on cell division is an indirect 
one, the division being induced by accel- 
erated cell elongation. Dividing cells in 
the subapical region of H. niger are in- 
deed 1.5 times as long as nondividing 
ones. However, this is equally true of 
treated and untreated plants, and the 
length of cells is not increased even after 
9 days of daily gibberellin applications, 
although their shape is then quite dif- 
ferent. It thus seems that increased cell 
elongation follows rather than precedes 
the effect of gibberellin on cell division. 

The data presented in Table 1 further 
indicate a directional influence of gib- 
berellin on cell division, longitudinal di- 
vision figures being increased to a much 
greater extent than transverse ones. The 
factors responsible for this effect require 
further investigation. 

It will also be necessary to check in 
further experiments whether, as sug- 
gested by the ones reported here, gib- 
berellin fails to increase cell division in 
the apical region of the H. niger shoot. 
If this situation is generally true, it is 
suggestive of the hypothesis of Buvat 
(7), according to which the extreme 
apical region of the shoot meristem does 
not participate in vegetative growth, the 
actual meristematic activity being local- 
ized below that region. This area of 
meristematic activity, called the méri- 
stéme medullaire, corresponds to the 
lower part of the apical and the upper 
part of the subapical region of H. niger. 
However, Buvat’s theory goes further 
and describes the méristéme medullaire 


Table 1. Effect of gibberellin on cell division in biennial H. niger. All figures represent 
the number of division figures per 60- tissue slice. The errors quoted are the standard 


errors of the mean. 








Hours after 


Subapical region 








Lhe ‘ . - —— Number 
application Apical region Longitudinal Transverse of plants 
of gibberellin division figures division figures 
Controls 
0 12+2 241 3+1 ’ 
6 12 sa) 4+1 4 
12 15+2 1+0.5 4+0.5 ‘) 
18 Pots Ati a 3 
24 9+3 3+0.5* 8+2 10 
5 ug of gibberellin 
6 8+1 3+1 6+1 3 
12 13+2 3+2 6+2 3 
18 1141 12+4 11+2 3 
24 12+1 29 + 3* 10+2 9 





* The difference is significant at the 1-percent level using the ¢ test for unpaired samples in which the 
variances for the parent populations are unequal; described by Stearman (8, pp. 182 and 183). 
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and not the extreme apex as the origin 
of the initial cells of the entire stem 
(7, see particularly Fig. 12), whereas 
our results by no means exclude the apex 
as the primary source. 
Roy M. Sacus 
Anton Lanc 
Department of Botany, 
University of California, Los Angeles 
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Proposed Mechanism of Action of 
Hydrolytic Enzymes 


Certain hydrolytic enzymes, notably 
chymotrypsin, trypsin, and acetylcholin- 
esterase have been shown to react with 
reagents such as diisopropylfluorophos- 
phate to yield inactive proteins which 
contain single diisopropylphosphate resi- 
dues (J, 2). The inactive protein is 
relatively stable in water but may be 
converted into the active enzyme by 
treatment with a variety of nucleophilic 
reagents (3). Chemical or enzymatic 
hydrolysis of the inhibited protein has 
invariably shown the dialkylphosphate 
residue to be attached at the hydroxyl 
group of a single serine residue (4). 

Recently, singly substituted, inactive, 
acyl derivatives have been successfully 
prepared by reaction of delta-chymotryp- 
sin with compounds such as p-nitro- 
phenyl acetate, acetic anhydride, and 
benzoyl chloride (5). These proteins ap- 
pear to be very similar to the dialkyl- 
phosphate-substituted enzymes except 
that they are more readily reactivated by 
water. These facts, together with the 
close parallel of the pH dependence of 
acylation (5, 6), normal hydrolytic ac- 
tivity (7), and dialkylphosphorylation 
(1), have led to the conclusion that 
these reactions are closely related and in- 
volve directly at least a portion of the 
active center of the enzymes (3). Dixon 
and Neurath (5) have also shown that 
the pK’ for acylation and deacylation 
of delta-chymotrypsin are different, being 
about 6.2 and 6.8, respectively. The lat- 
ter value is very close to that reported 
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for the hydrolysis of acetyl-1-tryptophan 
and acetyl-.-tyrosine ethyl ester, 6.71, by 
the enzyme (7). All these values fall in 
a pH region associated with the ioniza- 
tion of imidazole nitrogen. This fact, to- 
gether with the almost inescapable con- 
clusion that the mechanism involves 
nucleophilic attack on the carbonyl func- 
tion of the natural substrates (2, 3, 8) 
has led to the idea that the uncharged 
imidazole nitrogen is the primary nu- 
cleophilic agent. 

The location of the dialkylphosphate 
residue on the serine hydroxyl has been 
explained as the result of a secondary 
transfer reaction (9). The fact that the 
heat of ionization of the group of pK’ 
6.71 referred to in the preceding para- 
graph is about 11 kcal mole-1 (7) rather 
than the 6 to 7 kcal mole- ordinarily en- 
countered for imidazole would, however, 
suggest that a relatively uncomplicated 
nucleophilic attack by the imidazole ni- 
trogen is not a satisfactory explanation. 
It would seem that a mechanism should 
be sought which includes the direct in- 
volvement of the serine hydroxyl. 

Such a mechanism is suggested in the 
condensed scheme outlined in Fig, 1. 
The formation of the active center is 
postulated to involve hydrogen bond for- 
mation between the serine hydroxyl and 
an uncharged imidazole nucleus (10, 11). 
The two components could be located 
on separate peptide chains in the enzyme 
as long as the specific three-dimensional 
structure, formed during activation of 
the zymogen, brought them near enough 
for this interaction to occur. The polari- 
zation of the resulting structure would 
cause the serine oxygen to be the nucleo- 
philic agent which attacks the carbonyl 
function of the substrate (3, 8, 11). 

The complex is stabilized by the simul- 
taneous “exchange” of the hydrogen 
bond from the serine oxygen to the car- 
bonyl oxygen of the substrate. Another 
group capable of hydrogen bonding could 
be involved in this sequence, for we 
have so far been unable to determine 
satisfactorily whether or not steric con- 
siderations preclude the involvement of 
a single imidazole nucleus as shown. 


The pH dependence of this step would 
be that associated with the acylation re- 
action. Thus, the pK’ would be 6.2 and 
the heat of ionization might be expected 
to be low, near 1 or 2 kcal mole-1. The 
intermediate acylated enzyme is written 
with the proton on the imidazole nitro- 
gen. The deacylation reaction involves 
the loss of this positive charge simul- 
taneously with the attack of the nucleo- 
philic reagent, abbreviated Nu:H. This 
reaction would therefore be expected to 
show a pH dependence related to imid- 
azole ionization, but the heat of ioniza- 
tion might be expected to be consider- 
ably different. 

This, as has been noted, is the actual 
situation. The relative magnitude of the 
two pK’ values is in accord with the 
demonstrated stabilization of the acyl- 
ated enzyme at low pH (12). A possible 
alternative route of deacylation (/3) 
would involve the nucleophilic attack of 
the imidazole nitrogen on the newly 
formed ester linkage of the postulated 
acyl intermediate, leading to formation 
of the acyl imidazole. The latter is un- 
stable in water, hydrolyzing rapidly to 
give the product and regenerated active 
enzyme. 

The reaction of alkylphosphates in 
such a scheme may be written in an 
entirely analogous manner, except that 
the resulting phosphorylated enzyme 
would be less susceptible to deacylation 
through nucleophilic attack (3, 14). 

The validity of any mechanism rests 
on its agreement with available data, its 
success in predicting the results of sub- 
sequent new tests, and chemical and 
physical studies directed toward estab- 
lishing the presence of specific molecular 
groupings invoked in the reaction 
scheme. The agreement of the proposed 
mechanism with existing data has been 
discussed. It is hoped that consideration 
of this alternative to what might be 
termed the “primary imidazole” hy- 
pothesis may lead to direct tests for dis- 
tinguishing the two, though an approach 
does not seem to be immediately obvious. 
Although determination of the heat of 
ionization for the pH-dependent step 
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preceding acylation may be of value, it 
does not seem likely that the formation 
of the hydrogen bond in the active en- 
zyme would be detectable. 

Leon W. CuNNINGHAM 
Department of Biochemistry, 
Vanderbilt University, 
Nashville, Tennessee 
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Time Course of 
Far-Red Inactivation 
of Photomorphogenesis 


Flint and McAlister (1) demonstrated 
in 1935 that red and far-red radiant 
energy produced opposing effects on let- 
tuce-seed germination; the red stimu- 
lated germination and the far-red in- 
hibited it. Borthwick et al. (2) later 
showed that, if the far-red were applied 
subsequent to the red, it prevented the 
consequences of the red reaction. They 
called this phenomenon photoreversal. 
The red induction and potentiality for 
its far-red photoinactivation also has 
been demonstrated in photomorphogenic 
development of seedlings (3, 4) and 
photoperiodism (5). Hendricks et al. 
(6) have advanced the hypothesis that 
the system involves a photoreversible 
pigment with two stable electronic energy 
states. When it is in the one energy state, 
the pigment can be transferred to the 
other if a quantum in the absorption 
band characteristic of the first state is 
absorbed. It can then be reversed to the 
original state, presumably by way of 
the same pathway, by the absorption of 
a quantum characteristic of the second 
state. Hendricks et al. postulate that the 
reaction rate is not dependent on a mo- 
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Fig. 1. Time course of far-red inactivation of red-induced morphogenesis in the hypocotyl 
hook of the bean seedling. Curves are shown for energy levels of 3 and 12 mj/cm*, applied 
at 1000 ww/cm? for 3 and 12 seconds, respectively. 


lecular collision in either direction and 
that both photoreactions follow _first- 
order kinetics. 

If such a simple reversal obtains, with 
no intervening collision step, it seems 
logical to‘assume that the system would 
be immediately reversible at the maxi- 
mum rate, and that the time course 
would show a constant value of reversi- 
bility, to the point where the conse- 
quences of the red induction result in 
irreversible growth reactions. 

In view of these considerations, it was 
decided to determine the time course for 
photoinactivation of red-induced photo- 
morphogenesis in the bean seedling (7). 
A high-intensity carbon arc, in combina- 
tion with interference filters, was used as 
the source. The irradiation periods were 
as short as could be obtained with this 
system, and were a matter of seconds. 
The bioassay was the rate of opening of 
the hypocotyl hook of bean, the tech- 
nique of which has been described by 
Klein et al. (8). In this system, the in- 
duction response has a peak of activity 
in the red at 660 mp, and photoinactiva- 
tion peaks at 710 and 730 mp (3). The 
angle of hook opening is proportional to 
the logarithm of the incident red energy 
over an irradiance range of at least 1 
million for short periods of photoinduc- 
tion, and the inactivating effect of the 
far-red is directly proportional to irradi- 
ance. A total energy of 10 mj/cm? of far- 
red energy distributed over a 30-minute 
period produces about maximal photo- 
inactivation, the percentage of inactiva- 
tion rising linearly with energy to ap- 
proximately 85 percent and then leveling 
off rapidly thereafter. . 

The hypocotyl hooks were excised from 


7 JUNE 1957 





6-day old Black Valentine bean seedlings 
and arranged in a circle on moist filter 
paper in a 150-mm petri dish. The ex- 
cised hooks were exposed to red energy 
at 25° with a carbon arc for 3 minutes 
at an irradiance of approximately 1500 
uw/cm?, which yielded a total energy 
of 250 mj/cm? at 660 mu. The hooks 
were then kept in the dark. until time for 
the far-red exposure, which was given 
at approximately 1000 pw/cm? at 730 
mw for 3 and 12 seconds for total ener- 
gies of 3 and 12 mj/cm?, respectively. 
The two filter systems were mounted in 
a sliding panel so arranged that the short- 
est dark time was 4 seconds. 

The results are given in Fig. 1 as time- 
course curves. It will be noted that the 
capacity for photoinactivation by the 
far-red increases rapidly with time, 
reaching a maximum at between 1 and 
2 hours and then decreasing gradually. 
The decrease is consistent with the hy- 
pothesis that irreversible growth reactions 
have occurred. For the shortest periods 
of time, the percentage inactivation is 
approximately proportional to the far- 
red energy. Data are available (9) which 
show that the far-red is incapable of 
producing significant inactivation at pro- 
portionately low energy levels in the 
presence of the red. Therefore, it is prob- 
able that the curve falls back to zero, 
either at zero time or slightly prior to 
the end of the red-induction period. 

These results suggest that a thermo- 
chemical step intervenes between the ab- 
sorption of red photons and maximum 
capacity for inactivation by the far-red. 
There are several possibilities about the 
nature of this step. It may involve the 
direct modification of the pigment itself 


to a far-red absorbing form so that in- 
activation cannot proceed until thermal 
conversion occurs. On the other hand, it 
may be concerned with synthesis of a 
reactant essential to the completion of 
the inactivation step, the concentration 
of which limits the far-red reversal proc- 
ess. The complete system is being studied 
with a complex of variables of incident 
energy, time, and temperature, with the 
view of determining the nature of the 
intervening step. 

W. H. Kein, R. B. WirHrow, 

A. P. WirHrow, V. Etstap 

Division of Radiation and Organisms, 
Smithsonian Institution, 
Washington, D.C. 
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Some Characteristics of 
Cortical Recruiting Responses 
in Unanesthetized Cats 


In 1941, Morison and Dempsey (J) 
demonstrated that trains of 8- to 12-per- 
second stimuli delivered to the intra- 
laminar thalamic nuclei of the anesthe- 
tized cat evoked long-latency, surface- 
negative potentials which were widely 
distributed over the cerebral cortex. Be- 
cause the first stimulus of the train 
evoked little or no cortical response, and 
because the responses to each successive 
stimulus showed a progressive increase in 
amplitude to a maximum, these poten- 
tials were termed “recruiting responses.” 
Subsequent investigations have further 
defined the thalamocortical pathways 
and the character of the synaptic con- 
nections which mediate recruiting re- 
sponses (2-4). It was shown that pen- 
tobarbital lowered the threshold for 
recruiting responses (5), and, since 
stimulation of the brain-stem reticular 
formation prevented their occurrence 
(6), it was assumed that recruiting re- 
sponses could not be obtained in the 
waking animal. 

The study described in this report 
employed the technique of chronic im- 
plantation of electrodes, which was de- 
veloped by Sheatz (7), to explore this 
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Fig. 1. Recruiting responses in unanesthetized cats. Electroencephalographic records 
(above) and corresponding oscillographic traces (below) show the recruiting responses 
recorded from the anterior suprasylvian gyrus following 6-per-second submaximal stimu- 
lation of the ipsilateral center median nucleus. A-1 and A-2, responses recorded before 
(A-1) and after (A-2) a noise, which occurred at the arrow. The rapid return of recruit- 
ing responses to normal amplitude following the noise is shown in A-3. B-2, failure of the 
noise (at arrow) to reduce recruiting responses following repeated presentation of this 
stimulus. (Bottom row) Recruiting responses before (C-1), during (C-2), and after 
(C-3) 100-per-second stimulation of the brain stem for 2.5 seconds. The period of brain- 
stem stimulation is indicated by the solid line between the two arrows (positive is up). 


matter further. It was found that stimu- 
lation of the intralaminar nuclei may 
evoke well-developed recruiting responses 
in the normally waking animal. Figure 
1 shows such responses evoked in the 
anterior suprasylvian gyrus by submaxi- 
mal 6-per-second stimulation of the ipsi- 
lateral center median nucleus. At the 
time when these responses were recorded, 
the cat was sitting up in its cage with 
an alert appearance, occasionally looking 
about. No detectable behavioral altera- 
tions were associated with the recruit- 
ing responses. With more intense stimuli, 
a variety of behavioral alterations re- 
sulted, some of which were similar to 
those described by Hunter and Jasper 
(8). When a loud noise was made, there 
was a marked decrease in the amplitude 
of the recruiting responses (Fig. 1, A-2). 
Within 5 seconds of this auditory stimu- 
lus, however, responses had returned to 
original amplitude (Fig. 1, A-3). Re- 
peated exposure of the animal to the 


1148 


originally effective auditory stimulus was 
associated with a gradual disappearance 
of its blocking effect, as had been pre- 
viously shown by Jasper et al. (3). Fig- 
ure 1, B-2, shows this failure of the same 
auditory stimulus to cause reduction of 
recruiting responses following habitua- 
tion. Figure 1, C-2, demonstrates the re- 
duction in the amplitude of recruiting 
responses which results from stimulation 
of the brain-stem reticular formation. 
Unlike the effects of the auditory stimu- 
lus, the effects of the brain-stem stimulus 
did not become attenuated with repeated 
presentation of the stimulus. The effects 
of brain-stem stimulation were, how- 
ever, abolished by anesthetic doses of 
pentobarbital. 

Contrary to the expectations based on 
previous work, therefore, it has been 
found that the presence of a “desyn- 
chronized” electroencephalogram and 
of behavior indicative of an alert waking 
state is not incompatible with the induc- 


tion of recruiting responses. Under such 
circumstances, these responses can be re- 
duced or prevented by novel, peripheral 
afferent stimuli or by stimulation of the 
brain-stem reticular formation. The be- 
havioral changes which were associated 
with reduction of recruiting responses 
appeared to range from a shift or attrac- 
tion of attention (either “spontaneous” 
or as a result of an afferent stimulus), 
through brief startle, to more enduring 
and pronounced excitement. The pre- 
vention of evoked recruiting responses in 
the waking animal may thus be analo- 
gous to the blocking of the alpha rhythm 
in the human electroencephalogram. In 
man, alpha activity is not prevented by 
the waking state and may similarly be 
blocked by a shift or focus of attention 
as well as by more marked arousal. 
More generally, these observations 
emphasize the undesirability of drawing 
inferences concerning behavior from 
electrophysiological observations in the 
anesthetized or immobilized animal 
which is incapable of any behavioral dis- 
play. This is true not only in the case of 
the recruiting responses but is equally 
relevant for the response to stimulation 
of the brain-stem reticular formation. 
The effects of brain-stem stimulation 
have customarily been given blanket 
equation with awakening (4), but de- 
pending on the state of the animal and 
the parameters and location of stimula- 
tion, such stimulation would appear to 
be capable of leading to a wide spectrum 
of behavioral changes that range from 
awakening to the evocation of attention, 
to startle, or to the arousal of general- 
ized excitement. Now that appropriate 
techniques are available, it is to be 
hoped that such inferences may give way 
completely to observations of behavior. 
Epwarp V. Evarts 
Laboratory of Clinical Science, 
National Institute of Mental Health, 
Bethesda, Maryland 
Horace W. Macoun* 
University of California, Los Angeles 
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Lithium, Sodium, and Potassium 
in D-o-Hydroxy Fatty Acid 
Metabolism of Lactobacillus casei 


p-a-Hydroxy fatty acids are presum- 
ably of considerable neurophysiological 
importance because of their prominent 
occurrence in essential structural lipids 
(cerebrosides) of mammalian brain and 
nervous tissues (J). It is of interest, 
therefore, that these acids are also known 
to occur in microbial cerebrosides (2) 
and to promote growth of Lactobacillus 
casei 280-16 (3). The latter, a mutant 
strain apparently normal in all respects 
except for its inability to racemize the 
L-lactic acid it produces by fermentation 
(3), has recently been observed to un- 
dergo spontaneous dissociation (4), 
yielding two distinct substrains. The first 
of these, strain 260-16A, appears to be 
identical with the original strain 280-16 
(before dissociation), whereas the sec- 
ond strain, 280-16B, is capable of good 
growth in hydroxy acid-free media but 
may be selectively inhibited by 1-tetra- 
decene under these conditions (4). 

The following has seemed likely from 
available evidence (3, 4). (i) A long- 
chain p-a-hydroxy fatty acid (such as 
those known to occur in microbial cere- 
brosides) constitutes an indispensable 
component of an essential lipid (perhaps 
a cerebroside) in L. casei. (ii) This fatty 
acid is normally produced through a met- 
abolic pathway commencing with either 
p-lactic acid (which is produced by the 
parent strain but which must be pro- 
vided for strain 280-16A) or some other 
relatively short-chain p-a-hydroxy fatty 
acid (those of from 4 to 14 carbon 
atoms may be utilized in place of p-lactic 


acid by strain 280-16A). (iii) An alter- 
native pathway, in which the relatively 
short-chain p-a-hydroxy fatty acids do 
not function as intermediates but through 
which the essential long-chain p-o-hy- 
droxy fatty acid may be synthesized, is 
available in strain 280-16B. (iv) The 
alternative pathway, but not the normal 
pathway, includes at least one step which 
is inhibited by 1-tetradecene. 

It now appears, from the results of 
experiments described in this report (5), 
that (i) the alternative pathway includes 
at least one step which is markedly in- 
hibited by potassium ion; (ii) this path- 
way is potentially available in strain 
280-16A and probably also in the parent 
strain as well as in strain 280-16B; and 
(iii) the latter strain has acquired, 
through mutation, an increased tolerance 
to potassium, thus accounting for its 
ability to grow in certain hydroxy acid- 
free media that fail to support growth of 
strain 280-16A. 

The results shown in Table 1 were ob- 
tained under the experimental condi- 
tions described previously (4, 6) except 
that the potassium phosphates in the 
basal medium were replaced with equi- 
molar amounts of the corresponding so- 
dium phosphates. It may be seen (‘Table 
1) that, whereas strain 280-16A failed 
to grow appreciably in unsupplemented 
hydroxy acid-free medium with potas- 
sium levels greater than 8 umole/ml, 
(7), it produced considerable growth at 
potassium levels of either 1 or 2 umole/ 
ml, and it is evident that the results with 
strain 280-16A were essentially the same 
as those with strain 280-16B except that 
greater concentrations of potassium ion 
were required to inhibit growth of the 


Table 1. Response of L. casei 280-16 substrains to lithium, sodium, and potassium chlo- 


rides in D-a-hydroxy acid-free medium. 





Potassium 








Sodium chloride supplement Lithium chloride supplement 
chloride No sup- (umole/ml) * (umole/ml) + 
supplement plement qe 
(umole/ml) 100 300 500 12 24 48 
Response of substrain At 
0 1.6 2.0 1.2 1.0 1.5 1.4 1.4 
1 11.0 12.0 9.4 2.1 122 12.0 11.2 
2 11.9 13.9 13.0 9.4 13.9 14.0 13.6 
4 9.3 12.2 15.0 13.5 11.8 12.6 13.0 
8 3.0 9.5 13.4 12.7 10.3 11.4 12.6 
32 i 5.0 9.1 1.0.2 6.0 10.6 32:5 
128 1.0 rH 5.1 6.6 2.0 6.7 10.4 
Response of substrain Bt 
0 1.6 1.5 1.3 1.1 1.7 1.6 1.8 
1 14.1 13.0 11.4 6.3 13.1 13.2 11.5 
2 16.1 15.9 133 12.0 16.1 16.0 16.2 
4 15.1 14.9 15.5 13.8 15.3 14.3 15.7 
8 13,7 1337 14.1 13.6 14.7 15.1 15.3 
32 9.9 9.0 10.6 11.9 12.0 12.8 14.8 
128 2.1 Se 8.6 


9.8 a 8.0 1h 





* These amounts are in addition to the basal sodium content of 81 wmole/ml. 
+ Marked inhibition was effected at concentrations of 96 u»mole/ml and more. 


t Measured after 38.5 hours’ incubation at 35°C. The values representing growth response are in terms of 


milliliters of 0.01N sodium hydroxide required to titrate 1 ml of test culture. 
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latter organism. The inhibitory effects of 
potassium ion were markedly antago- 
nized by either lithium ion at relatively 
low concentrations or sodium ion at con- 
siderably higher concentrations (Table 
1). These results suggest that lithium ion 
may have a catalytic function in one or 
more steps of the alternative metabolic 
pathway and that it is this function which 
is inhibited by potassium ion. Sodium ion 
apparently either replaces lithium ion or 
indirectly antagonizes the effects of po- 
tassium. 

When the basal medium employed pre- 
viously (4, 6) (sodium and potassium at 
basal levels of 71.5 and 9.4 umole/ml, 
respectively) was supplemented with 
0.12 umole of either pi-lactic acid or 
pL-a-hydroxylauric acid per milliliter 
(hydroxy acids of intermediate chain 
lengths were not tested but would be ex- 
pected to be similarly effective), strains 
280-16A and 280-16B were not inhibited 
by potassium chloride at 200 umole/ml 
after 52 hours’ incubation, whereas com- 
plete inhibition of these strains was 
effected under the same conditions when 
the hydroxy acid supplement was omit- 
ted. The parent strain of L. casei was 
not inhibited by potassium even in un- 
supplemented media, as was to be ex- 
pected since this strain is able to produce 
p-lactic acid in excess of its nutritional 
requirements. 

The conclusions set forth in this re- 
port are to be regarded as tentative until 
the experimental work now in progress 
is completed. The apparent involvement 
of lithium, sodium, and potassium ions in 
the biosynthesis of bacterial p-a-hydroxy 
fatty acids suggests, nevertheless, that 
these ions may similarly influence the 
biosynthesis of mammalian cerebroside 
acids and that normal maintenance of 
important lipoidal structural materials 
such as myelin (8) might, therefore, be 
dependent on an appropriate balance of 
the ions. 

Merritt N. CAMIEN 
Max S. DuNN 
Chemical Laboratory, 
University of California, Los Angeles 
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Autoradiography of Volcanic 
Rocks of Mount Lassen 


Following the procedure of Guilbert 
and Adams (/), an autoradiographic 
study has been made of the volcanic 
rocks of Lassen Volcanic National Park, 
California. By this method, the sites of 
alpha-emitting elements (thorium and 
uranium series) may be located within 
5 »# in thin sections. In each of the sec- 
tions studied, approximately 100 alpha 
tracks were counted, and the mineral 
from which each one emanated was 
identified. These data, plus a modal 
analysis of the section, permitted calcu- 
lation for each mineral of the following 
ratio: percentage of alpha tracks from 
mineral/percentage of mineral in the 
rock (2). Table 1 shows these ratios, 
plus the modal percentages, for the min- 
erals in each section studied (3). 

In Table 1, for each mineral in each 
sample, the upper (italic) figure in each 
pair is the ratio of percentage alpha 
tracks from mineral/percentage of min- 
eral in the rock; and the lower figure 
(roman) is the modal percentage of the 
mineral. All samples had previously been 
used by Adams (4) in a study of the 
uranium geochemistry of the Mount 
Lassen lavas. 

The volcanic rocks studied consisted 
of phenocrysts of plagioclase and one or 
more ferromagnesian minerals (and 
rarely quartz) in a groundmass of glass 
or aphanitic material. As shown by 
Table 1, the determined ratios (percent- 
age alpha tracks from mineral/percent- 
age of mineral in the rock) are close to 1 
for most minerals, including glass, in 
each sample. Apparently no mineral is 
either enriched or impoverished in tho- 
rium and uranium, and the distribution 
of alpha-emitting elements seems to be 
uniform. 

In addition to the minerals listed in 
Table 1, most samples contained small 
amounts of magnetite, and some samples 
contained a few tiny grains of apatite; 
no alpha tracks were definitely associ- 
ated with the apatite, and we were not 
able to detect tracks in the emulsion 
above the opaque magnetite. The maxi- 
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Table 1. Autoradiographic data and modal analyses of the volcanic rocks of Mount Lassen. 














Minerals 
Sample - 
No. Phenocrysts 
(3) eee _— Ground- 
a H Altered mass 
8 omn-  Pyroxene _Biotite Quartz __ferro- 
clase blende : 
magnesian 

5 0.74 2.4 11.0 0.96* 

2D 19.5 4.3 0.2 76.0 * 

8 ee 0.97 1.6 0.65 0.97* 

8 25.3 0.9 3.4 2.6 67.0 * 
11 df 1.6 1.6 4.2 0.93+ 
11 25.9 2:2 0.7 0.3 69.9 + 
14 0.48 29 1 hes) 6.9 lat 
14 27.9 1.3 2.8 0.1 67.6 + 
15B 1.0 re 0.94* 
15B 60.4 11.0 28.6 * 
16 1.0 rae 4.1 1.1 0.75 0.0 0.97+ 
16 30.0 22 0.5 1.9 2.7 23 59.37 
17 0.95 3.0 1.0 bE Se 
17 77.5 0.7 10.9 10.2 + 
18 0.70 737 0.99t 
18 5.6 3.4 90.9 ¢ 
21 Ls 0.62 0.57 0.80+ 
21 28.8 11.9 13.3 45.9 + 
24 0.95 1.1 1.0 io. + 
24 17.3 1.0 7.0 74.8 + 
25 Sid L3 0.92+ 
25 0.6 175 82.0 + 
31 1.0 0.85 2.4 * 
31 65.9 29.2 4.9 * 
36 0.99 i | 0.99 14% 
36 64.0 0.9 28.3 6.4 ¢ 
39 0.86 0.0 14 1.05+ 
39 19.0 1.8 1.0 77.9 F 
41A 0.92 LD 0.98 2.8 0.99+ 
41A 41.3 0.7 13-1 1.0 42.7 + 





* Glass. + Glass (with plagioclase). { Plagioclase, pyroxene, and glass. 


mum number of alpha tracks from un- 
certain sources (for example, within 5 » 
of the edges of grains) was 11 percent 
for all sections shown in Table 1. The 
possibility that thorium and uranium are 
concentrated in minerals so scarce that 
they do not appear in the sections studied 
is apparently eliminated by the fact that 
the total number of alpha tracks in the 
emulsion over each section accounts for 
roughly half of the radiometrically de- 
termined alpha activity for each sample. 

In two samples not shown in Table 1, 
the constituents of the groundmass were 
sufficiently coarse so that alpha tracks 
could be identified from individual 
phases (glass, pyrcxene, and plagio- 
clase). Minerals in the groundmass ap- 
parently contained the same concentra- 
tion of thorium and uranium as the cor- 
responding phenocrysts, though the small 
grain size increased the uncertainty of 
location of the alpha tracks. 

It must be concluded that the alpha- 
emitting elements are uniformly distrib- 
uted among all the various constituents 
in the volcanic rocks of Mount Lassen. 
Apparently the rapid solidification of the 


lavas under volcanic conditions caused 
entrapment of the thorium and uranium 
in all the mineral phases and prevented 
concentration of these elements in any 
single mineral (5). 

Joun J. W. Rocers 

Joun A. S. ApaMs 

Department of Geology, — 
Rice Institute, Houston, Texas 
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Book Reviews 


The Species Concept in Palaeontology. 
Systematics Association publication 
No. 2: A symposium. P. C. Sylvester- 
Bradley, Ed. Systematics Association, 
London, 1956. 145 pp. Illus. $2. 


In 1940 the Systematics Association 
published its first symposium, The New 
Systematics. It is true, as some critics 
have commented, that the origins of the 
new systematics can be traced back an- 
other century or so, and no doubt some 
enterprising classicist will produce an 
ancient Greek forerunner. Nevertheless, 
that publication did signalize and stimu- 
late a true revolution in the science of 
systematics—a change, to state it in the 
briefest possible terms, from the classifi- 
cation of idealized, fixed types (typol- 
ogy) to the classification of real, varying 
populations. Since 1940 the new point 
of view, with its new methods and re- 
sults, has become usual among students 
of living organisms. 

Now, the second symposium of the 
Systematics Association demonstrates, 
among other things, how far the new 
systematics has affected the study of ex- 
tinct organisms and to what extent dif- 
ferent problems appear in this field. 
~ Eighteen paleontologists and zoologists, 
all but one of whom (Newell) is British, 
have contributed to the discussion. Al- 
most all of them make the point, im- 
plicitly at least, that paleontological 
systematics is inherently more complex 
and difficult than neontological syste- 
matics. There is, in the first place, the 
added dimension of time. There is, 
moreover, a whole series of special diffi- 
culties related to paleontological samp- 
ling, which are here well discussed by 
Rhodes, Newell, and George, among 
others. 

Apart from such useful treatments of 
methodological problems and a few od- 
dities, such as Haldane’s washing his 
hands of the stated topic, the main issues 
seem to be two: the applicability of pop- 
ulation concepts to fossils and the prob- 
lems that are connected with classifying 
lineages through time. The interplay of 
questions that bear on the first and 
broader of these issues is somewhat ob- 
scured by organization and terminology. 
The body of the book is divided into sec- 
tions labeled “Theory” and “Practice,” 
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a distinction that is seldom valid in sci- 
ence and is rejected by some of the auth- 
ors here involved. In fact, the distinction 
achieved is not between theory and prac- 
tice but between two purposes and atti- 
tudes. The nominal “theoreticians” are 
interested in fossils as organisms, includ- 
ing their “practical” applications. The 
nominally “practical” students are inter- 
ested in stratigraphy more than in or- 
ganisms as such. It is not surprising, 
then, that the writers on “theory,” nota- 
bly Thomas, Rhodes, Westoll, Newell, 
and Joysey, are unanimous in welcoming 
population concepts in systematics, while 
the writers on “practice,” notably Arkell 
and Eager, mainly support a type syste- 
matics. Indeed, this is no question of 
theory and practice but the same issue 
that has been fought out since 1940 (and 
before) in neontology between popula- 
tion systematics and typology. 

This issue is somewhat compromised, 
not only by the false tendency to equate 
typology with “practical” paleontology, 
but also by the foreword of the chairman 
(White). He remarks: “It is true that 
there is a satisfactory degree of unanim- 
ity among those . . . often unembar- 
rassed by prolonged or wide practical 
experience . . .” and “Fresh breezes are 
doubtless blowing through the musty 
halls of orthodox paleontology, but some 
of us may be forgiven for thinking that 
in places the amount of wind is exces- 
sive”—statements that contributors to 
the symposium may find discourteous 
and readers will surely find unjustified. 
There is a further ambiguity in the 
usages throughout the book of the term 
morphospecies, which sometimes means 
a real, biologically significant population 
that is recognized on morphological evi- 
dence and, sometimes, an_ idealistic 
grouping on the basis of resemblance to 
an arbitrary type, with consequent hazi- 
ness of logical grasp of the differences 
between these two concepts. In spite of 
editorial bias and of some logical con- 
fusion among their opponents, it is clear 
from the book as a whole that, in paleon- 
tology as in neontology, the typologists 
are now the old guard still fighting a lost 
battle. It is even clear, although here not 
perhaps as fully demonstrated as it could 
be, that the supreme argument of the 
typological stratigraphers is flatly falla- 


cious. Population systematics is demon- 
strably superior for the most fully prac- 
tical stratigraphic applications. 

The problem of ancestral-descendent 
species (if such they should be called) 
successive through time is peculiar to 
paleontology and is here considered at 
some length, especially by Thomas, 
Rhodes, Westoll, Newell, Joysey, Ker- 
mack, and George. There is not com- 
plete agreement, but there is a consensus 
that there are available sensible criteria 
for specific subdivision of these con- 
tinua and that the units so achieved may 
be arbitrary but are not, as has been 
claimed, “unreal.” 

Authors not previously named are 
Parker, Ager, Parkinson, Melville, Smout, 
McKerrow, and Sylvester-Bradley, who 
has supplied a stimulating introduction. 
There are a meager index and a good 
glossary. The latter, as glossaries so often 
do, raises the question whether some 
terms are really necessary. 

It is not likely that the Systematics 
Association’s second symposium will 
achieve the fame and influence of the 
first. This book is, nevertheless, another 
important milestone, indispensable for 
all paleontologists, zoologists, and evo- 
lutionists. 

G. G. Smupson 
American Museum of Natural History 


Metallurgy of Chromium and Its Alloys. 
vol. II of Chromium. Marvin J. Udy, 
Ed. Reinhold, New York; Chapman 
& Hall, London, 1956. 402 pp. Illus. 
$11. 


The metallurgy section of the mono- 
graph on Chromium represents the ef- 
forts of a number of eminent contribu- 
tors, each of whom is a recognized ex- 
pert in his particular field. The result is 
a comprehensive coverage of the various 
phases of the extractive metallurgy of 
chromium and of the properties of chro- 
mium, its alloys, metallurgical uses, and 
its uses in refractories. 

The section on the extractive processes 
for chromium covers these methods very 
well and goes into great detail about the 
prevailing commercial processes, thus 
providing the reader with full informa- 
tion about the subject. For one con- 
cerned with the pure metal, however, 
the information which is included is 
somewhat meager. 

The physical properties of the metal 
are given in excellent detail; thus, the 
book is excellent for purposes of refer- 
ence. Also, the behavior of chromium in 
various steels, cast irons, high tempera- 
ture alloys, electrical resistance alloys, 
and nonferrous alloys is described in de- 
tail by competent specialists in these sev- 
eral fields of endeavor. However, current 
investigations concerning chromium-base 
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alloys—a subject of considerable current 
interest—receive but scant attention. 

The characteristics of chromite which 
are responsible for its refractory proper- 
ties, as well as the processing of the ore 
to refractory products and the specific 
applications, are discussed in excellent 
detail in the final section of the mono- 
graph. The volume is thus a handy ref- 
erence book for those interested in fur- 
nace linings and similar applications. 

From an editorial standpoint, it is ap- 
parent that the individual chapters are 
by different authors. Some are excel- 
lently well edited, while others need 
more careful editing and proofreading. 

Tu general, this is an excellent treatise, 
though it is somewhat weak, for a 1956 
publication, in its coverage of the most 
recent developments. 

L. L. Wyman 

National Bureau of Standards 


Energy and Structure in Psychoanalysis. 
Kenneth Mark Colby. Ronald Press, 
New York, 1955. ix+154 pp. Illus. 
$4.50. 


Books on psychoanalysis usually deal 
with its clinical theory; the most com- 
prehensive one, Fenichel’s, indicates this 
limitation by its title, The Psychoana- 
lytic Theory of Neurosis. There exists, 
however, a fragmentary—yet consistent— 
general theory of psychoanalysis, which 
comprises the premises of the special 
(clinical) theory, the concepts built on 
it, and the generalizations derived from 
it, Since this general theory deals with 
what in Freud’s time was beyond the 
scope of academic psychology, and since 
in relation to the clinical one it is a 
metatheory, it was named metapsychol- 
ogy. It is hardly ever mentioned in books 
written for nonspecialists; even books 
written for the specialist seldom do more 
than touch on it. 

In the battle fought over the special 
theory, the foundations Freud laid for 
the general theory were scarcely noticed 
by the antagonists, and its adherents 
seem to have been too busy to system- 
atize, develop, or use it. Only since the 
late 1930’s has interest in it slowly re- 
vived. It is quite possible that the gap 
between experimental psychology and 
psychoanalysis, which has remained un- 
bridged in spite of ever-increasing rap- 
prochement, mutual interest, and much 
earnest work on both sides, is due in part 
to the undeveloped state of the general 
theory. It has happened before that the 
integration of two branches of a science 
was delayed until the theory of one or 
both reached a sufficient level of gen- 
erality. Be this as it may, the special 
(clinical) theory of psychoanalysis re- 
mained all but intractable to the meth- 
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ods of experimental psychology, although 
the weight of amassed observations is 
such that the validity of the core of this 
theory can no longer be questioned. 

Kenneth Colby’s small volume focuses 
on the general theory. It is directed “not 
only to psychoanalysts, but to all theore- 
ticians of those fluid borderlands between 
the psychological, biological, and socio- 
logical sciences” (p. v) and calls general 
attention to those rarely studied writ- 
ings of Freud, which are the major 
sources of this general theory: the “Proj- 
ect for a scientific psychology,” the sev- 
enth chapter of The Interpretation of 
Dreams, “On narcissism: an introduc- 
tion,” and ‘““The unconscious.” The book 
has two further merits. First, it tackles 
some of the thorniest problems of meta- 
psychology: for example, the relation be- 
tween energy and structure, and that be- 
tween thought (meaning) content and 
function. Colby’s treatment of both of 
these suggests interesting theoretical pos- 
sibilities. Second, for the few who are 
conversant with metapsychology, there 
are many ideas, intuitive perceptions, 
and hints between the lines. 

Considering that this volume has—as 
it were—no predecessors, it is a bold 
undertaking. It is to be hoped that it 
will be read, that it will stimulate spe- 
cialists to work in metapsychology, and 
nonspecialists to begin to discover a dif- 
ferent aspect of psychoanalysis from that 
to which they are accustomed. 

Yet the volume’s importance is 
matched by its inadequacies. It consists 
of two parts: one attempts to review 
Freud’s metapsychology and the models 
it is built on, the other to suggest a dif- 
ferent model replacing Freud’s. 

The weaknesses of the first part are 
rooted in its being scarcely more than a 
preparation for the second. The presen- 
tation of Freud’s metapsychology is, to 
say the least, incomplete. For example, 
only two of his “Papers on metapsychol- 
ogy’—“On narcissism: an introduction” 
and “The unconscious’—are even men- 
tioned. The work of other students of 
metapsychology fares no better: outstand- 
ing ones like Hartmann, Kris and Loew- 
enstein merit only two references; Hart- 
mann’s major study, “Ich-Psychologie 
und Anpassungsproblem” (“Ego psychol- 
ogy and the problem of adaptation,” is 
not referred to, Ill-informed passages 
and misunderstandings are embarrass- 
ingly frequent. Still the book gives the 
impression of serious intent handicapped 
by lack of tradition rather than by care- 
lessness or malintent. 

The principal aim of the book—to re- 
place Freud’s outdated and mechanical 
models with a modern and dynamic one 
—is not realized. While Freud’s theory 
is mechanical in its trappings and dy- 
namic in its core, Colby’s is dynamic in 
its intent but becomes mechanical in its 





execution. Yet Colby does introduce the 
reader to Freud’s reflex, tension-reduc- 
tion, and id-ego-superego models as well 
as to his own cyclic-circular model. The 
topographic reflex model represents the 
course of excitation, in the psychic ap- 
paratus, from perceptual stimulation to 
motor action. The economic tension-re- 
duction (pleasure principle) model rep- 
resents the tendency of psychological 
processes to prevent and to reduce ten- 
sion accumulation. The structural id-ego- 
superego model is familiar, Colby’s own 
model is an attempt to replace these 
three models by a single one and to cope 
more adequately with the problem all 
these models are designed to solve: the 
integration of motivations and past ex- 
perience with current environmental in- 
put. It is not possible to discuss here the 
many cogent points Colby makes in re- 
gard to the nature of this integration or 
to analyze the shortcomings of his treat- 
ment of Freud’s models or the inadequa- 
cies of his own model. The book’s main 
weakness can be revealed, however, by 
raising the questions: What can we gain 
by replacing the models of a theory 
which has not yet been systematized and 
whose limits of usefulness have not yet 
been explored? Can one, under these 
conditions, hope to demonstrate which 
model is more parsimonious or more 
powerful? What can be taken as an an- 
swer to these questions in Colby’s book is 
singularly weak. And yet, even in this 
respect there is something to be said for 
his bold attempt: it might contribute to- 
ward weakening an orthodoxy which dis- 
courages attempts to take a new look at 
Freud’s theories. 

To the specialist, the book as a whole 
conveys two emphases. It stresses the 
need for unfettered theoretical specula- 
tion and the need to keep in harmony 
with the conceptions of present-day sci- 
ence (particularly physics). Both these 
emphases are justified. 

But in regard to the first emphasis, 
Colby fails to show how the empirical 
data of psychoanalysis can impose disci- 
pline on free speculation. This lack will 
certainly limit the impetus the book can 
give to systematic theory-building in psy- 
choanalysis, and it may well repel the 
nonspecialist, leading him to the conclu- 
sion that this general theory, just like the 
special one, lacks that ingredient of co- 
hesion and discipline which makes theo- 
ries amenable to empirical decision. 

The second emphasis consists of fre- 
quent references to specific concepts of 
present-day physics, but no attempt to 
introduce them systematically to the spe- 
cialist is made. The nonspecialist in turn 
may be taken aback, both by the fre- 
quency of these references, which may 
sound to him like lip service, and by the 
lack of exposition, which may make him 
wonder how well-digested these concepts 
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of physics are and how relevant the link 
(or how premature the jump) to psycho- 
logical concepts is. As an introduction for 
the nonspecialist, the book flounders on 
an obstacle common to such an attempt 
in any science: it fails to make the rele- 
vance of the theory to observations plaus- 
ible. 

It would be regrettable if, in spite of 
these shortcomings, this book were not 
read. What it deals with is at least a 
possibly—and to my mind, probably— 
crucial frontier of psychology’s develop- 
ment into a unified science. Clinical psy- 
choanalysis is in many ways a self-con- 
tained specialty, but psychoanalysis at 
large is psychology. It is a psychology 
built to account for vital phenomena of 
human behavior, not tackled by those 
theories which arose from experiments. 
Metapsychology holds the promise that it 
can bring this psychology to a level of 
theoretical generality where its unifica- 
tion with experimentally derived theo- 
ties, or at least its experimental verifica- 
tion, will be possible [see Theoretical 
Models and Personality Theory, D. 
Krech and G. S. Klein, Eds., and Syste- 
matic Resources of Present-Day Psy- 
chology, S. Koch, Ed.). Though this 
promise may prove to be an illusion, 
still it must be given a try. Colby’s book 
is a contribution toward making such a 
try possible. Its shortcomings cannot be 
overlooked, but they can be accepted as 
reflections of the present state of psycho- 
analytic metapsychology and of psychol- 
ogy at large. 

Davin Rapaport 
Austen Riggs Center 


Recent Advances in Science. Physics and 


applied mathematics. Morris H. Sha- 
mos and George M. Murphy. New 
York University Press; Interscience, 
New York, 1956. 384 pp. Illus. $7.50. 


This volume includes papers that were 
presented at a symposium on recent ad- 
vances in science, held at New York Uni- 
versity in the spring of 1954 for represen- 
tatives of industrial, government, and 
university laboratories. Although the vol- 
ume did not appear until nearly 3 years 
after the symposium, it represents an im- 
portant addition to the library of review 
articles in major fields of physics. The 
contents and distinction of the book are 
probably best shown by a simple listing 
of the chapters and their respective au- 
thors: “Methods of applied mathema- 
tics,’ Richard Courant; “The future of 
operations research,” Philip M. Morse; 
“Atomic structure,” I. I, Rabi; “Micro- 
wave spectroscopy,” C. H. Townes; “Nu- 
clear structure and transmutation,” H. A. 
Bethe; ‘Elementary particles,” V. F. 
Weisskopf; “Electronuclear machines,” 
Leland J. Haworth; “Neutron physics,” 
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Norman F. Ramsay; “Transistor phys- 
ics,” William Shockley; “Ferromagnet- 
ism,” R. M. Bozorth; “Cryogenics; very 
low temperature physics and engineer- 
ing,” F. G. Brickwedde; and “Physics 
and the engineer,” Edward U. Condon. 

A. V. Astin 
National Bureau of Standards 


Handbuch der Physik. vol. VII, Crystal 
Physics 1. S. Fligge, Ed. Springer, 
Berlin, 1955. vii+ 687 pp. Illus. DM. 
122.50. 


Crystal Physics 1 consists of four long 
articles: “Crystallography,” by Heinz 
Jagodzinski, of Wiirzburg (103 pages); 
“Lattice theory of the mechanical and 
thermal properties of crystals,’ by 
Giinther Leibfried, of Géttingen (221 
pages); “The specific heat of solids,” by 
M. Blackman, of London (58 pages); 
and “Theory of crystal imperfection,” 
by Alfred Seeger, of Stuttgart (282 
pages). These are followed, as is usual 
in the Handbuch der Physik, by subject 
indexes in German and English. Black- 
man’s article is in English, the other 
three are in German. 

The first article develops the subject 
of possible crystal lattices from the stand- 
point of symmetry operations. Tables 
compare the notations of different au- 
thors. Next, the geometric character of 
the different properties is treated, then 
the external geometry of crystals. Finally, 
the connection between chemical for- 
mula and crystal structure is discussed 
from a qualitative standpoint. 

Leibfried’s article is, so to speak, a 
new, more profound edition of Born’s 
pioneer work. Although it has not been 
possible for him to present all the de- 
‘tails, Leibfried always gives the funda- 
mental quantum-mechanical equations, 
which consider the crystal as made up 
of nuclei and electrons, and indicates 
how one gets from that point to the 
coarser treatment which considers whole 
atoms or ions as the building stones. The 
different types of energy interactions are 
described, and the successes and the diffi- 
culties that are encountered in explain- 
ing why a particular substance has a par- 
ticular lattice are indicated. Next, the 
lattice theory of deformation and 
stresses is given and compared with the 
continuum expressions. A very useful 
feature here is the tabulation of constants 
for simple lattice types (that is, expres- 
sions of elastic constants through inter- 
molecular spring constants). The equa- 
tions of motion from which the lattice 
vibrations are calculated are a conse- 
quence of the preceding theory. Then 
follows the discussion of the more subtle 
case of ionic crystals and the coupling 
between lattice wave and electromag- 


netic waves, but crystal optics is not 
treated in detail. The thermodynamic 
properties are next taken up, and here 
there is some duplication with the next 
article. There follows an interesting dis- 
cussion of the non-Hooke’s law terms, 
which are responsible for heat expan- 
sion and thermal conductivity. The lack 
of a complete theory is emphasized. 

Blackman has specialized for many 
years in calculating the distribution func- 
tion of lattice vibrations, which governs 
—although not very sensitively—the spe- 
cific heat. He develops here the methods 
which have become recently available 
but emphasizes that each case demands 
a separate calculation. In the simplest 
approximation one uses a Debye func- 
tion, but, to get agreement with lattice 
theory and experiment, one must allow 
the “constant” Debye temperature to 
vary with temperature. In polyatomic 
crystals, Blackman always uses, in this 
approximation, pure Debye functions, 
not, as is often done, sums of Debye and 
Einstein functions. Detailed comparison 
with the experiment are made. 

The subject of crystal defects has been 
developed only in recent years; there ex- 
ist only a few coherent presentations that 
are as detailed and extensive as that of 
Seeger. Crystal defects are divided ac- 
cording to their dimensions into those of 
zero dimensions—empty lattice places, 
dislocated atoms—and those of one or 
two dimensions (dislocations, grain 
boundaries). The former may be a re- 
sult of thermal equilibrium, and a de- 
tailed treatment is given of their num- 
ber, heat of formation, and migration 
(diffusion). Those of the second kind 
are responsible for the diminished me- 
chanical strength of crystals. They may 
be line dislocations, which wander under 
the influence of stresses and produce slip, 
or screw dislocations, which are impor- 
tant in crystal growth and are, in fact, 
decisive for the growth of ionic crystals. 

In the whole volume, the printing is 
excellent and there is an abundance of 
illustrations. These are particularly valu- 
able because so many geometric ques- 
tions are discussed; in addition, many 
experimental results are presented graph- 
ically, especially in Blackman’s article. 
The proofreading must have been excep- 
tionally careful; I cannot remember hav- 
ing noticed any printing errors. 

In one point, at least, some of the 
articles differ from those in the first two 
editions of the Handbuch. The latter 
tried to give a complete bibliography of 
their subject, so that it was sufficient for 
a research worker to take the Hand- 
buch as a starting point and search the 
literature for only about a year prior to 
the publication date. Obviously, as a 
matter of policy, the present encyclo- 
pedia treats this problem differently. 
This is illustrated in the present volume. 
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The articles are, in general, excellent 
representations of the present state of 
knowledge, but if one is interested in a 
particular disputed point or in whether 
someone else in the past has expressed a 
particular idea, one cannot rely on the 
fact that the dispute or the idea is not 
cited in the Handbuch. I assume that 
the present policy is necessary because 
of the enormous mass of material to be 
covered, but I cannot avoid being sorry 
that this is so. 

Karu F. HerzFetp 
Catholic University of America 


New Books 


Man into Space. New projects for 
rocket and space travel. Hermann Oberth. 
Translated from the German by G. P. H. 
de Freville. Harper, New York, 1957. 246 
pp. $4.50. 

The Art of Painting. Leonardo da 
Vinci. Translated from the Italian by 
John Francis Rigaud, with an introduc- 
tion by Alfred Werner. Philosophical Li- 
brary, New York, 1957. 224 pp. $4.75. 

Lascaux and Carnac. Glyn Daniel. Mac- 
millan, New York; Butterworths, London, 
ed. 2, 1957. 127 pp. $3. 

Genetic Mechanisms: Structure and 
Function. vol. XXI of Cold Spring Harbor 
Symposia on Quantitative Biology. Bio- 
logical Laboratory, Cold Spring Harbor, 
New York, 1956. 410 pp. $8. 

Trade and Market in the Early Em- 
pires. Economies in history and theory. 
Karl Polanyi, Conrad M. Arensberg, 
Harry W. Pearson, Eds. Free Press, Glen- 
coe, IIl., 1957. 400 pp. $6. 

Progress in Low Temperature Physics. 
vol. II. C. J. Gorter, Ed. North-Holland, 
Amsterdam; Interscience, New York, 
1957. 491 pp. $10.75. 

Geometric Integration Theory. Hassler 
Whitney. Princeton University Press, 
Princeton, N.J.; Oxford University Press, 
London, 1957. 401 pp. $8.50. 

Practical Physics. A course of introduc- 
tory experiments. R. W. Parsons. Hong 
Kong University Press, Hong Kong; Ox- 
ford University Press, London, 1957. 89 


Pp. 

Soil Conservation. J. H. Stallings. Pren- 
tice-Hall, Englewood Cliffs, N.J., 1957. 
586 pp. $8.50. 

Man as an Animal. W. C. Osman Hill. 
Hutchinson, London, 1957. 176 pp. $1.50. 

Psychological Aspects of Aging. Pro- 
ceedings of a conference on planning re- 
search, Baltimore, Md., 24-27 Apr. 1955. 
John E. Anderson, Ed. American Psycho- 
logical Association, Washington, D.C., 
1956. 331 pp. 

Microbial Ecology. Seventh symposium 
of the Society for General Microbiology 
held at the Royal Institution, London, 
Apr. 1957. Cambridge University Press, 
Cambridge, England, 1957. 396 pp. $6.50. 

Extinct Languages. Johannes Friedrich. 
Philosophical Library, New York, 1957. 
192 pp. $5. 

Solid Geometry. Hugo Mandelbaum 
and Samuel Conte. Ronald, New York, 
1957. 261 pp. $4. 
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Man among the Stars. Wolfgang D. 
Miller. Criterion Books, New York, 1957. 
Translated from Du Wirst Die Erde Sehn 
als Stern, Deutsche Verlags-Anstalt. 307 
pp. $4.95. 

The Handbook of Private Schools. An 
annual descriptive survey of independent 
education. 1957. Porter Sargent, Boston, 
ed. 38, 1957. 1120 pp. 

Carotene. Its determination in biologi- 
cal materials. V. H. Booth. Published 
under the auspices of the Society for 
Analytical Chemistry. Heffer, Cambridge, 
England, 1957. 126 pp. 18s. 

Radio Aids to Air Navigation. J. H. H. 
Grover. Philosophical Library, New York, 
1957. 148 pp. $6. 

A Guide to the Literature of Chemistry. 
E. J. Crane, Austin M. Patterson, and 
Eleanor B. Marr. Wiley, New York; Chap- 
man & Hall, London, ed. 2, 1957. 412 
pp. $9.50. 

Report of the Meeting on Semiconduc- 
tors Held by the Physical Society in Col- 
laboration with British Thomson-Houston 
Ltd. Rugby, Apr. 1956. Physical Society 
(London), London, England, 1957. 153 
pp. Members, 12s. 6d; nonmembers, 20s. 

Teaching Science in the Secondary 
School. R. Will Burnett. Rinehart, New 
York, 1957. 394 pp. $5.25. 

Methods of Biochemical Analysis, vol 
IV. David Glick, Ed. Interscience, New 
York, 1957. 371 pp. $8.50. 

Gas Chromatography. A. I. M. Keule- 
mans. C. G. Verver, Ed. Reinhold, New 
York; Chapman & Hall, London, 1957. 
236 pp. $7.50. 

Traité de Microscopie. Instruments and 
techniques. A. Policard, M. Bessis, and M. 
Locquin. Masson, Paris, 1957. 614 pp. F. 
5200. 

Annual Review of Medicine, vol. 8. 
David A. Rytand and William Creger. 
Annual Reviews, Palo Alto, Calif, 1957. 
537 pp. $7. 

The Microbial World. Roger Y. Stanier, 
Michael Doudorff, and Edward A. Adel- 
berg. Prentice-Hall, Englewood Cliffs, 
N.J., 1957. 704 pp. $8. 

Dairy Microbiology. Edwin M. Foster, 
F,. Eugene Nelson, Marvin L. Speck, Ray- 
mond N. Doetsch, and Joseph C. Olson, 
Jr. Prentice-Hall, Englewood Cliffs, N.]J., 
1957. 492 pp. $10. 

Development of Vertebrates. Emil 
Witschi. Saunders, Philadelphia, 1956. 
604 pp. $8.50. 

Readings in 


Marriage Counseling. 


| Clark E. Vincent. Crowell, New York, 


1957. 12 pp. $4.50. 

Thought, Life and Time as Reflected 
in Science and Poetry. H. G. Wood. The 
tenth Arthur Stanley Eddington memorial 
lecture. Cambridge University Press, Cam- 
bridge, England, 1957 (order from Cam- 
bridge Univ. Press, 32 E. 57 St., New 
York). 64 pp. Paper, $0.90. 

Plant Protection Conference 1956. Pro- 
ceedings of the second international con- 
ference at Fernhurst Research Station, 
England. Edited by Plant Protection, Ltd. 
Academic Press, New York; Butterworths, 
London, 1957. 326 pp. $9. 

A Text-Book of Surgical Pathology. 
Charles F. W. Illingworth and Bruce M. 
Dick. Little, Brown, Boston, ed. 7, 1956. 
738 pp. $14. 





Miscellaneous Publications 


(Inquiries concerning these publications should be 
addressed, not to Science, but to the publisher or 
agency sponsoring the publication.) 


Teaching about Cancer. A guide to 
source materials and information prepared 
to help secondary-school administrators 
and teachers in developing instruction on 
cancer suitable to their curriculum re- 
quirements. American Cancer Society, 
New York, 1957. 48 pp. Free on request. 

Institute of International Education 
37th Annual Report, 1956. Institute of 
International Education, New York, 1957. 
56 pp. 

Interim Report to the Congress from 
the Commission on Increased Industrial 
Use of Agricultural Products. J. Leroy 
Welsh, Karl D. Butler, George H. Cop- 
pers, Charles R. Sayre, Frank J. Welch. 
c/o U.S. Department of Agriculture, 
Washington, D.C., 1957. 190 pp. 

Annotated Tables of Strength and Elas- 
tic Properties of Rocks. Paper No. 663-G. 
Rudolph G. Wuerker. Petroleum Branch, 
American Institute of Mining Engineers, 
Dallas, Tex., 1956. 22 pp. Single copy 
free to AIME members; $0.25 per addi- 
tional copy. 

Directory of Fisheries Institutions: Asia 
and the Far East. United Nations Indo- 
Pacific Fisheries Council secretariat, Ed. 
Food and Agriculture Organization of the 
United Nations, Regional Office for Asia 
and the Far East, Bangkok, Thailand, 
1957. 78 pp. 

American Cooperation with Higher 
Education Abroad. A survey of current 
programs. Bull. 1957, No. 8. Paul S. 
Bodenman, with the cooperation of the 
Inter-Agency Committee and the Presi- 
dent’s Baylor Proposals. 220 pp. $0.75. 
Opening Enrollment in Higher Educa- 
tional Institutions: Fall 1956. Circ. No. 
496. M. Clemens Johnson and C. George 
Lind. 46 pp. $0.35. Trends in Significant 
Facts on School Finance, 1929-30 to 
1953-54. Circ. No. 498. Clayton D. 
Hutchins, Albert R. Munse, Edna D. 
Booher. 84 pp. $0.60. U.S. Department 
of Health, Education, and Welfare (order 
from Government Printing Office, Wash- 
ington 25, D.C.), 1957. 

Early White Influence upon Plains In- 
dian Painting. George Catlin and Carl 
Bodmer among the Mandan, 1832-34. 
Misc. col., vol. 134, No. 7. Publ. 4292. 
John C. Ewers. 11 pp. A Skull of the 
Bridger Middle Eocene Creodont, Patrio- 
felis Ulta Leidy. Misc. col., vol. 134, No. 
8. Publ. 4293. C. Lewis Gazin. 20. pp. 
Smithsonian Institution, Washington, 
D.C., 1957. 

Production and Mill Utilization of Feed 
Grains in Arkansas. Bull. 583. ‘W. R. Mor- 
rison. 30 pp. When to Harvest Oats for 
Hay and Silage. Bull. 586. R. L. Thurman, 
O. T. Stallcup, J. L. Stephens, N. E. Jus- 
tus. 18 pp. Arkansas Soybean Wariety 
Trials, 1951 to 1956. Rept. ser. 65. C. E. 
Caviness and P. E. Smith. 11 pp. Agricul- 
tural Experiment Station, College of Agri- 
culture and Home Economics, University 
of Arkansas, Fayetteville, 1957. 

The Scalp and Its Care. With clinical 
notes on dandruff and seborrhea. Schering 
Corp., Bloomfield, N.J., 1957. 25 pp. 
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Meetings and Societies 


Elementary Particles, Atomic 
Power, and Drift of Continents 


Last year once more 22 Nobel prize 
winners from eight different countries 
were brought together in the last week 
of June for their yearly meeting by their 
common bonds, the Nobel prize and nat- 
ural science. Aside from the stream of 
congresses in a quiet corner on the Bod- 
ensee, Lindau became through physics, 
for a few days, a republic of scientists. 

Today we know that atoms consist of 
numerous elementary particles. Espe- 
cially in the past few years we have 
learned many new things about these 
particles. Werner Heisenberg  (Gét- 
tingen) discussed in his lecture—which 
may well have been the most important 
of ‘this year’s meeting—his position on 
the problems in the theory of elementary 
particles. Today we know approximately 
25 such particles which are very similar 
to the building stones of matter, some 
of which decay, however, in a fraction 
of a second. At the end of the 1920’s 
theoretical physics attempted to describe 
these particles mathematically by apply- 
ing quantum theory to wave theory. 
Actually, however, no basic results were 
obtained with these methods. There ex- 


ists a conflict between quantum mechan- 


ics (uncertainty relation) and the space- 
time structure of the special relativity 
theory, according to which all effects are 
propagated only with the velocity of 
light. Using the approximation theory 
by altering the basis of the quantum and 
the relativity theory, and through recal- 
culations by Bethe that resulted in a cor- 
rection of the previous theory by Som- 
merfeld and Dirac, calculations that 
agreed well with experimental measure- 
ments were performed. However, it 
seems impossible with these operations 
to unite the 25 elementary particles 
into a common mathematical system of 
formulas. 

The Gottingen investigations by Heis- 
enberg deal with a new mathematical 
equation that attempts to embrace all 
elementary particles and to reduce them 
to a common denominator. The result- 
ing basic equation is supposed to play 
the part of a model which represents a 
system of elementary particles and which 
is simpler than the real one occurring in 
nature. By applying the new system of 
formulas, new perceptions result which 
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agree with experimental results. This 
model of elementary particles is surely 
too simple. The new system of mathe- 
matical equations advocated by Heisen- 
berg lacks a degree of freedom that still 
has to be built into it in the near future. 
One will be able then, according to Heis- 
enberg, to explain nearly all conservation 
theories of elementary particles and in 
this way find a formula for the experi- 
mental results. 

The lecture of Hideki Yukawa (Kyoto, 
Japan) also dealt with elementary par- 
ticles. He was able in 1953 to report in 
Lindau about his research toward creat- 
ing a common theory for elementary par- 
ticles. Yukawa now has to depart in 
many points from his former conceptions. 

P. A. M. Dirac (Cambridge, England) 
dealt in his lecture with one particle 
only, namely, the electron, for which 
there is yet no complete theory available. 
According to the classical picture, the 
electric field around an electron at rest 
is circularly symmetrical close to the 
electron. According to the new concep- 
tion, the electric field is totally concen- 
trated in a single “Faraday” line of 
force emanating from the electron. 
Therefore we might have to say good-by 
to the circular symmetry, so Dirac 
thought. 

“We shall now embark into a great sci- 
entific and technologic adventure to tame 
nuclear energy in order to make a new 
source of power accessible to the world 
in addition to energy sources from fossil 
fuels. For this purpose we shall use the 
heat developed in splitting uranium in 
nuclear reactors in order to produce 
steam for operating the turbines of 


Left to right: P. A. M. Dirac, H. Yukawa, and W. Heisenberg. 


alternating-current generators of power 
plants.” With these words the English 
atomic physicist, John Cockcroft (Har- 
well, England) started his lecture that 
entered into the scientific and technical 
problems of utilization of atomic energy. 
Today we know many types of nuclear 
reactors, and more will be added in the 
future. However, up to now two types 
have mainly been developed, the first 
type in England and France, the other 
mainly in the United States and the 
US.S.R. 

The English reactors use as fuel mainly 
natural uranium and a graphite modera- 
tor with gas as heat exchanger. The re- 
action of nuclear fission in the first re- 
actor in the British Calder Hall station 
started some time ago, when for the first 
time uranium rods were introduced into 
the machine. One assumes that the two 
reactors are going to be in full produc- 
tion at the beginning of 1957 and that the 
station is going to deliver 70,000 kilo- 
watts to the electric supply net. 

The first industrial nuclear energy sta- 
tions to be built for the electric power 
authorities, in which two reactors each 
produce heat, are in the planning stage. 
They are supposed to have a consider- 
ably larger capacity than Calder Hall. In 
this kind of reactor—a heat source of 
2000 to 3000 kilowatts per ton of ura- 
nium—the fuel elements may remain 
from 1000 to 1500 days before the cen- 
tral uranium rods have to be replaced. 
In applying a systematic, repeating se- 
quence, it is possible to produce for each 
ton of uranium an amount of energy 
equal to 30,000 tons of coal, and in this 
way the raw material costs of these re- 
actors can be kept down. 

The second type of nuclear energy sta- 
tion utilizes ordinary water as moderator 
and as heat exchanger. Despite the inher- 
ent difficulties connected with this type 
of station, enough heat can be produced 
to develop up to 180,000 kilowatts of 
electric power. The use of water results, 
unfortunately, in difficult corrosion prob- 
lems in addition to the task of planning 
the machinery. 

Two other reactors may become com- 
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John Cockcroft. 


petitors of the water-cooled machines. 
One uses an organic liquid—for example, 
diphenyl—in place of water and thus re- 
duces the corrosion problem. The other 
uses a graphite moderator and liquid 
sodium as heat exchanger. 

Breeder reactors are another impor- 
tant group of reactors. The Harwell re- 
actor, Zephyr, was built for the study of 
nuclear properties of breeder reactors of 
fast neutrons. In Dounreay, Scotland, a 
breeder reactor designed to develop 60,- 
000 kilowatts is being built. 

Another possible breeder reactor, the 
homogeneous water reactor, uses uranyl 
sulfate as liquid fuel in heavy water. It 
is a breeder reactor of slower neutrons. 
This reactor may have very low fuel 
costs; however, it has corrosion difficul- 
ties which have not yet been solved. In 
Great Britain it is the opinion that a gas- 
cooled reactor with graphite as modera- 
tor and natural uranium as fuel is com- 
pletely suitable for solving the problem 
of new energy sources for the United 
Kingdom. 

In this connection, the separation of 
isotopic mixtures plays an important part. 
The isotopes that accumulate in the re- 
actors have to be separated as elegantly 
and profitably as possible. Gustav Hertz 
(Leipzig), a specialist in the field of iso- 
tope separation, described in his lecture 
the different separation methods which 
are applied according to the composition 
of the mixture. For example, the mag- 
netic separation method is, with the ex- 
ception of rare gases, basically suitable 
for all elements. The capital investment 
in this method is, however, very great, 
and to get only a few grams, several days 
of operation are necessary. 

Contrary to the magnetic-separator 
method, which with a single application 
makes an almost complete separation of 
the isotopes possible, the method using 
the thermal motion of the molecules pro- 
duces a small result with only a single 


1156 


G. Hertz. 


stage. One distinguishes here two groups: 
(i) in the first group, a procedure is in- 
volved in which a stream of the gas mix- 
ture to be separated is split up into two 
parts of different composition; (ii) in 
the second group, a stationary condition 
is involved in which a different isotopic 
composition exists at different points, 
separated by space. 

As an example of the first group, a 
separation by diffusion through a porous 
wall was shown as well as the so-called 
“separation jet” in which the outer layer 
of a gas stream flowing into a vacuum is 
peeled off. Examples of the second group 
are separations in the gravitational field 
which are applied in the centrifuge, ther- 
modiffusion, as well as the method. of 
diffusion against a vapor stream. The 
latter arrangement is used for the con- 
struction of a separation pump which at 
the same time separates an isotope mix- 
ture and provides the necessary circula- 
tion in a multiplicator circuit. 





P. M. S. Blackett. 


Very useful in the procedure of the 
first group is a diffusion circuit, a com- 
monly used series connection in which 
each separation link passes its light or 
heavy fraction to its neighbor. In the 
procedures of the second group, the prin- 
ciple of countercurrents in a separation 
tube, which was first developed by 
Clusius, is used. It can be shown that 
the same rules are valid for both arrange- 
ments so that the countercurrent columns 
can be treated in the same way as the 
diffusion circuits. 

It has been known for years that a 
volcanic rock—for example, lava—be- 
comes magnetic when cooled below its 
Curie point. This magnetism receives a 
direction parallel to the direction of the 
surrounding fields and an intensity pro- 
portional to the field. This thermomag- 
netic remanence provides a method for 
following the direction and magnitude of 
the earth’s magnetic field through geo- 
logic history. Many sediment minerals 





Left to right: H. Yukawa, R. Kuhn (behind him G. Hertz, Fritz Zernike), Max Born, A. 
Butenandt (behind him Th. Reichstein), O. Hahn, W. Pauli, C. V. Raman (behind him 


G. Hevesy), W. Heisenberg. 
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are found magnetized in nature too, but 
they are much more weakly magnetized 
than are volcanic minerals. In recent 
years instruments that permit measure- 
ments of this magnetism have been de- 
veloped. 

The results which P. M. S. Blackett 
(London) obtained from magnetic 
changes of minerals were discussed in 
the last lecture of the meeting. On the 
basis of many measurements, Blackett 
arrived at the assumption that England 
has drifted toward the north in the last 
150 million years, from a place much 
closer to the equator than it is today 
and that it turned clockwise more than 
30 degrees. There exists a certain proba- 
bility for the relative enlargement of the 
space between America and Europe, as is 
usually stated in the theory of Wegener 
of continental drift. Measurements on 
Indian stones prove without doubt that 
India was situated south of the equator 
70 million years ago. Measurements in 
South Africa furthermore point to the 
fact that the African continent has 
drifted directly over the South pole in 
the last 300 million years. Considering 
these preliminary results, one can safely 
state that during the earth’s history single 
‘land masses have traveled large distances 
relative to the poles. We do not yet know 
for certain whether the earth’s crust as a 
whole‘has moved rigidly toward the poles 
or whether the large motions of the con- 
tinents were only relative to each other. 
It is, however, nearly certain that a polar 
migration, as it is temporarily called, has 
taken place with probably remarkable 
drift value. There can be almost no doubt 
that in the next decade it will be possible 
to trace the major movements of the 
great continents during the earth’s his- 
tory in a fairly reliable manner in order 
to examine experimentally the old the- 
ory of Wegener. 


The following lectures are mentioned 


_ briefly: Max V. Laue (Berlin) reported 


on, “From Copernicus to Einstein.” The 
struggle of the world systems found an 
end only with Einstein, who was able in 
1908-15 by his general relativity theory, 
rejecting Euclidean theory, to embrace 
the field of mechanical, electromechani- 
cal, and optical phenomena as well as 
the facts of gravitation. The text of this 
lecture will be published in full in Natur- 
wissenschaftliche Rundschau. The ad- 
vancements in physical optics were dis- 
cussed by Fritz Zernike (Groningen, the 
Netherlands), who in 1932 introduced 
the phase-contrast procedure into micros- 
copy through which a contrasting effect 
of uncolored objects through phase dis- 
placement of the light source is achieved. 
Max Born (Bad Pyrmont, Germany) in 
his contribution remarked on the foun- 
dations of the gas theory, and C. V. 
Raman (Bangalore, India) discussed the 
physics of crystals. He entered into the 
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question of the new conceptions concern- 
ing the behavior and the properties of 
crystalline bodies as developed by him- 
self and his coworkers on the basis of 
theoretical and experimental research. 
The following Nobel prize winners 
were also present as discussion partners 
and listeners: K. Adler (Cologne), A. 
Butenandt (Tiibingen-Munich), G. Do- 
magk (Wuppertal), H. v. Euler-Chelpin 
(Stockholm), O. Hahn (Géttingen), G. 
Hevesy (Stockholm), R. Kuhn (Heidel- 
berg), P. H. Mueller (Basel), W. Pauli 
(Zurich), Th. Reichstein (Basel), L. 
Ruzicka (Ziirich), and F. Soddy (Brigh- 
ton, Great Britain). 
H. Rotta 
Stuttgart, Germany 


We are indebted to H. Rotta, Stuttgart, 
editor of Naturwissenschaftliche Rund- 
schau, for permission to publish his report 
[Naturw. Rundschau 9, 441 (1956)] and 
to Mrs. A. M. Akeley, department of 
physics, Purdue University, for the Eng- 
lish translation. 


Development and Growth 


The 16th annual symposium of the 
Society for the Study of Development 
and Growth will be held at the Univer- 
sity of Rhode Island, Kingston, 19-21 
June. The symposium topic will be “De- 
velopmental cytology, changes in nuclear 
and cytoplasmic constituents during de- 
velopment and differentiation.” The 
speakers will include J. R. Preer (Penn- 
sylvania), C. Partanen (Harvard), T, C. 
Hsu (Texas), G. Klein (Stockholm), W. 
Beermann (Marburg), H. Stich (Na- 
tional Cancer Institute of Canada), D. 
v. Wettstein (Stockholm), D. Fawcett 
(Cornell Medical School), A. Lehninger 
(Johns Hopkins), and S. Spiegelman 
(Illinois). The annual business meeting 
of the society and a smoker will be held 
on the evening of 20 June. 


Saline. Water Conversion 


An International Symposium on Saline 
Water Conversion is now planned for 
the first part of November 1957 under 
sponsorship of the Office of Saline Water 
of the U.S. Department of the Interior, 


“and the National Academy of Sciences— 


National Research Council. The _ pro- 
gram for the meetings, which will be 
convened in Washington, D.C., has been 
developed by a committee of six scien- 
tists and engineers. It covers such topics 
as power distillation, electrodialysis, os- 
mosis, solar distillation, freezing, and 
other scientific approaches to the prob- 
lem of conversion of saline water for ag- 
riculture, municipal, and industrial uses. 
The objectives are to bring together, on 
an international scale, active workers in 


these fields, in the interest of reviewing 
and recording progress and stimulating 
new approaches to this important aspect 
of basic and applied science. 
Approximately 30 invitational techni- 
cal papers will be presented by partici- 
pating scientists and engineers from the 
United States, the United Kingdom, Eu- 
rope, Africa, and other areas of the world 
concerned with these problems. The sci- 
entific papers presented during the 3-day 
conference will be published by the 
NAS-NRC in its numbered series of sci- 
entific and technical monographs. Fur- 
ther details will be available by early 
summer. Inquiries should be addressed 
to the Division of Physical Sciences, Na- 
tional Academy of Sciences, 2101 Con- 
stitution Ave., NW, Washington 25, D.C. 


Society Elections 


"Federation of American Scientists, 
Executive Committee: chairman, Paul 
M. Doty, professor of chemistry, Har- 
vard University, Cambridge, Mass.; v. 
chairman, Hans A. Bethe, professor of 
physics, Cornell University, Ithaca, N.Y. 
(and wartime head of the Theoretical 
Physics Division at Los Alamos Scien- 
tific Lab); sec., Paul F. Zweifel, Man- 
ager, Theoretical Physics, Knolls. Atomic 
Power Lab, Schenectady, N.Y.; treas., 
Christian B. Anfinsen, biochemist and 
Chief of the Laboratory of Cellular 
Physiology and Metabolism, National 
Heart Institute, Bethesda, Md. 


"Society for American Archaeology: 
pres., George X. Quimby, Chicago Natu- 
ral History Museum; Ist v. pres., Alex D. 
Kreiger, Riverside Municipal Museum; 
2nd v. pres., Kenneth E. Kidd, The 
Royal Ontario Museum; treas., James L. 
Swauger, Carnegie Museum; sec., David 
A. Baerreis, Dept. of Anthropology, Uni- 
versity of Wisconsin, Madison. The rep- 
resentative to the AAAS Council is Dor- 
othy C. Jensen. 


™Georgia Academy of Science: pres., 
William H. Jones, Emory University; v. 
pres., Stephen Gray, Agnes Scott College; 
pres.-elect, M. H. Goodwin, USPHS 
Communicable Disease Center;  sec., 
Marion T. Clark, Emory University; 
treas., James G. Lester, Emory Univer- 
sity. The representative to the AAAS 
council is William H. Jones. 


Forthcoming Events 


July 
3-6. Current Problems in Crystal Phys- 
ics, conf. IUPAP and NSF, Cambridge, 
Mass. (J. S. Slater, Massachusetts Inst. of 
Technology, Cambridge 39.) 
8-10. Astrophysical Symp., 8th internl., 
Liége, Belgium. (P. Swings, Institut d’As- 
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trophysique, Université de Liége, Liége.) 

8-10. Endocrine Aspect of Breast Can- 
cer, Internat]. conf., Glasgow, Scotland. 
(A. P. M. Forrest, Dept. of Surgery, West- 
ern Infirmary, Glasgow, W.1.) 

8-12. Inter-American Cong. of Philoso- 
phy, 5th, Washington, D.C. (R. M. Chis- 
holm, Brown Univ., Providence, R.I.) 

8-12. Poliomyelitis Conf., 4th inter- 
natl., Geneva, Switzerland. (Secretariat, 
4th International Poliomyelitis Confer- 
ence, Hotel du Rhone, Geneva.) 

8-20. Legal Medicine and Law-Science 
Problems, lst American cong., Chicago, 
Ill. (Law-Science Inst., c/o School of 
Law, Univ. of Texas, Austin 12.) 


Univ. of Michigan, Ann Arbor. (B. L. 
Baker, Dept. of Anatomy, Univ. of Michi- 
gan, Ann Arbor.) 

9-13. European Molecular Spectros- 
copy Conf., Freiburg, Breisgau, Germany. 
(R. Mecke, Dept. of Physical Chemistry, 
Univ. of Freiburg, Freiburg.) 

9-13, International Cong. for the Study 
of Social Insects, Paris, France. (G. Rich- 
ard, International Union for the Study of 
Social Insects, Faculty of Sciences, Uni- 
versity of Rennes, Rennes, France. ) 

10-12. Thermodynamic and Transport 
Properties of Fluids, conf., IUPAC, Lon- 
don, England. (Institution of Mechani- 
cal Engineers, 1, Birdcage Walk, West- 


9-11. Biological Symp., 8th annual, 


10) 


Completely Automatic—l 


minster, London, S.W. 1.) 


iquid Scintillation Counting 














provides all of the 
advantages of liquid 
scintillation counting 


@ sensitivity 
@ versatility 


Counting Tritium, Carbon-14, and other beta emitting 
isotopes by the Tri-Carb Liquid Scintillation Spectrom- 
eter Method offers many advantages over older 
methods such as Geiger and proportional counting. 


Sensitivity can be shown by noting one extreme condi- 
tion: natural radiocarbon dating can be extended be- 
yond 40,000 years. 


Simplicity of operation can be shown by the other ex- 
treme: hundreds of moderately active samples can be 
counted daily. 


Versatility 1s indicated by the fact that this is a method 
of spectrometry. Pulse height analysis permits selection 
of the most favorable sample and background condi- 
tions. Also, two or more beta emitting isotopes of dif- 
ferent energies can be selectively counted in a single 
sample. 


Ease of sample preparation is one of the most popular 
features. Besides samples that are readily soluble in 
toluene, such things as aqueous samples, carbon dioxide, 
and completely fwolubls solid samples can also be 
counted. 


Automation now further enhances the advantages of the 
Tri-Carb Method. Up to 100 samples can be handled 
completely automatically, with the original data ac- 
curately and permanently recorded on paper tape. The 
instrument can be utilized to the fullest extent—24 
hours per day—without consuming valuable staff time. 





@ simplicity of operation 
@ ease of sample preparation 


P l U $ XK completely automatic operation up to 100 samples 














important to present and prospective users of 
Tri-Carb Spectrometers: 
The automatic sample handling 
equipment and the printing readout 
are both designed to be compatible 
with all Tri-Carbs. Thus existing 
models, as well as all new manual 
models, can be converted to automatic 
operation at any time in the future. 








ackard/iInstrument Company 





DEPT. 4+ P.O. BOX 428+ LA GRANGE, ILLINOIS 
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10-17. International Union of Crystal- 
lography, 4th genl. assembly, Montreal, 
Canada. (G. A. Jeffrey, Chemistry Dept., 
Univ. of Pittsburgh, Pittsburgh 13, Pa.) 

11-13. Applied Cytology, European 
Symp., Brussels, Belgium. (Secretary, 
Comm. on Internationa! Cong., American 
Cancer Soc., 521 W. 57 St., New York 
19, N.Y.) 

14-19. International Assoc. of Geron- 
tology, Merano, Italy. (A. I. Lansing, 
Dept. of Anatomy, Univ. of Pittsburgh, 
Pittsburgh 13, Pa.) 

14-20. Clinical Pathology, 4th internatl. 
cong., Brussels, Belgium. (M. Welsch, 
Service de Bacteriologie et de Parasitolo- 
gie, Université de Liége, Blvd. de la Con- 
stitution, Liége, Belgium. ) 

15-18. Biochemistry of Lipids, Interna- 
tional Colloquium, Oxford, England. (Dr. 
Sinclair, Laboratory of Human Nutrition, 
Oxford. ) 

15-19. Institute on College Adminis- 
tration, annual, Ann Arbor, Mich. (A. D. 
Henderson, 2442 U.E.S., Univ. of Mich- 
igan, Ann Arbor.) 

16-19. American Malacological Union, 
annual, New Haven, Conn. (Miss M. C. 
Teskey, P.O. Box 238, Marinette, Wis.) 

16-24. International Cong. for Pure 
and Applied Chemistry, 16th, Paris, 
France (R. Morf, Secy. Genl., IUPAC, 
Sandoz, S.A., Basel, Switzerland. ) 

20-21. Medical-Sociological Aspects of 
Senile Nervous Diseases, internatl. symp., 
Venice, Italy. (S. N. Feingold, Jewish 
Vocational Service of Greater Boston, 70 
Franklin St., Boston 10, Mass.) 

21-28. Neurological Sciences, Ist in- 
ternatl. cong., Brussels, Belgium. (P. 
Bailey, National Institutes of Health, 
Bethesda 14, Md.) 

23-24, Modern Electrochemical Meth- 
ods of Analysis, Internatl. symp., Paris, 
France. (G. Charles, Ecole Superieure de 
Physique et de Chimie, 10, rue Vauquelin, 
Paris 5°.) 

25-26. Structure Properties Relation- 
ships of Polymers (IUPAC), Paris, France. 
(International Union of Pure and Applied 
Chemistry, 4, Avenue de l’Observatoire, 
Paris 6°.) 

25-29. Protein Chemistry Symp., 
IUPAC, Paris, France. (J. Roche, Col- : 
lege de France, Place Marcellin Berthe- 
lot, Paris 5°.) 

26-27. Experimental Psychology and 
Animal Behavior Section of International 
Union of Biology, Brussels, Belgium. (H. 
S. Langfeld, Dept. of Psychology, Prince- 
ton Univ., Princeton, N.J.) 

26-27. Linguistic Soc. of America, Ann 
Arbor, Mich. (A. A. Hill, Box 7790, Uni- 
versity Station, Austin 12, Tex.) 

26-27. Military Psychology, internatl. 
symp., Brussels, Belgium. (National Acad- 
emy of Sciences, 2101 Constitution Ave., 
NW, Washington 25.) 

26-31. International Humanist and 
Ethical Union, 2nd cong., London, Eng- 
land. (American Humanist Assoc., Gate 
House, Yellow Springs, Ohio. ) 

26-1. International Congress on Nu- 
trition, 4th, Paris, France. (Quatriéme 
Congrés International de Nutrition, 
CNERNA, 71, boulevard Péreire, Paris 
17°.) 


( See issue of 17 May for comprehensive list) 


SCIENCE, VOL. 125 








8; 


is- 


5 








Kodak reports to laboratories on: 


four new sensitizings for an expanding universe... two new thermosetting 
optical cements... some dry and scarcely credible dark violet prisms 


Finesse and sensitivity 





Here we are, seemingly hoist in the 
dark with our own photographic 
petard, while in the act of coating 
photographic emulsion on glass to 
keep the astronomers in business. 
Since the world’s professional as- 
tronomers could all be comfortably 
accommodated in the stands of 


even a smallish town’s ball park, 


the coating equipment we maintain 
for their benefit need not be very 
streamlined. It must, however, be 
very good, lest precious hours be 
wasted for magnificent instruments 
and men who have so much prob- 
ing of the universe to cram into too 
brief lifetimes. 

Photographic emulsion, the heart 
of the matter, comes here in beakers 
—a little beaker to coat a couple of 
dozen 2 by 10’s, a bigger beaker for 
a dozen dozens of 8 by 10’s to go to 
a man who wants to make sure his 
whole autumn’s observing program 
will be on the same coating. This is 
custom manufacturing, of course. 
Up to now we have listed 104 com- 
binations of emulsion types and 
spectral sensitizing classes in which 
we can make Kodak “Spectro- 
scopic” Plates, as these esoterica 
are trademarked. Occasion for the 


present remarks is the addition of - 


four sensitizing classes for Emulsion 
Type Ila. 

The lower case ‘‘a’” means that 
the sensitivity emphasis has been so 
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applied as to require the fewest 
hours of exposure to make visible 
the incredibly faint rather than to 
freeze a split microsecond with the 
least burst of brilliance. For build- 
ing up something in the way of im- 
age out of virtually nothing in the 
way of energy flow, there is an 
Emulsion Type 103a that is even 
more sensitive. JJa, however, beats 
it for fine image structure and 
signal-to-noise ratio in the micro- 
photometer tracings of stellar and 
galactic spectra. 

The new J//a sensitizings are Class 
F, a very uniform one for the whole 
visible spectrum, especially for the 
red to 680 my; Class E, with low 
green sensitivity but the highest 
total red sensitivity, peaking at 
about 645 my and cutting off 
sharply beyond about 660 mu: 
Class D, the most generally useful 
one for the green region to about 
630 mu; and Class G, which pro- 
vides the highest green sensitivity 
obtainable without appreciable red 
sensitivity. 

Astronomers and others who employ 
Photographic sensitivity with this order 
of finesse conduct their negotiations for 
materials with Special Sensitized Prod- 
ucts Sales Division, Eastman Kodak 
Company, Rochester 4, N. Y., which 
arranges for delivery through Kodak 
dealers—the very same, in many cases, 
who supply portrait photographers with 
Kodak Opal Paper on which to picture 
the local brides. This also requires 
finesse and sensitivity. 


What's wrong with Canadabalsam? 


We seem to have achieved a lonely 
leadership in the manufacture of 
optical cements. The eminence is 
not altogether enviable. It’s hard to 
make money at selling optical ce- 
ment to other optical manufactur- 
ers, nor is there in it the kind of 
satisfaction to be found, for ex- 
ample, in making ever better pho- 
tographic plates for astronomers to 
use in exploring the universe. 
(There isn’t any money in that 
either, but it’s fun and it sharpens 
the skills.) Lens cement, however, 
is only lens cement. What if it does 
‘hold lenses or prisms together over 
a much wider range of tempera- 


This is one of a series of reports on the many products 
and services with which the Eastman Kodak Company and 
its divisions are... serving laboratories everywhere 


tures than the old Canada balsam 
used to? After all, our resin chem- 
ists and our optical production engi- 
neers get the same signature on 
their pay checks. 

We have two new thermosetting op- 
tical cements that we might as well share 
with the world. $54 a pound for the 
syrupy-liquid HE-63 that requires align- 
ment fixtures during polymerization; 
$175 per haif-pound for the gelatinous 
HE-65 that usually needs no fixture for 
interfaces up to one square inch. For use 
directions and information about several 
other types we make, write Eastman 
Kodak Company, Special Products Divi- 
sion, Rochester 4, N. Y. A half-pound of 
lens cement goes a long, long way; if you 
don’t want that much, we beg to remind 
you that opticians have gotten along with 
Canada balsam for many years, even 
though we don’t sell it. 


A scoop for radicals 


“T have in my hand a little bottle 
which contains some dry, dark vio- 
let prisms of a free radical,” you will 
casually remark to acquaintances 
and students suspected of being un- 
familiar with J.A.C.S., 72, 1051; 
J. Org. Chem., 17, 1437; or J. Chem. 
Soc., 1954, 3574 and 1956, 1127. It 
will be diphenylpicrylhydrazyl. You 
will have made it by treating /,/- 
Diphenyl-2-picrylhydrazine (East- 
man 7365) with lead peroxide in 
chloroform. It will keep on the 
shelf for a while but not long 
enough for us to have relieved you 
of the preparation chore. Being 
reasonably inert to molecular oxy- 
gen, it will make a very fine scaven- 
ger with which to scoop other, less 
long-lived free radicals out of a 
reaction. As your insight will at 
once tell you, it will inhibit poly- 
merization, abstract hydrogen from 
certain molecules, and be paramag- 
netic because of its unpaired elec- 
tron. 

Eastman 7365 (at $4.50 for 5 grams) 
is an example of some 3500 organic oddi- 
ties and good, solid workhorses that can 
be ordered from Distillation Products 
Industries, Eastman Organic Chemicals 
Department, Rochester 3, N. Y. (Di- 
vision of Eastman Kodak Company). 


They're in our List No. 40. Write for 
a copy. 


Prices quoted are subject to 
change without notice. 
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PHILOSOPHICAL 
LIBRARY BOOKS 
0 


INTRODUCTION TO ELECTRICAL APPLIED PHYS- 
ICS by N. F. Astbury. A book on physics and engincering, 
reflecting the development of electrical science into a sub- 
ject which is neither physics nor engineering, but a com- 
bination of both. Brings together the classical basis of 
the subject and specialist topics which are entering all 
fields of applied seience. Numerous diagrams. $10.00 
(] GALACTIC NEBULAE AND INTERSTELLAR SPACE 
by Jean Dufay. The most complete account available of 
the many diverse phenomena, observational and theoretical, 
involved in the study of interstellar matter. Illustrated. 

15.00 
[] HIGH-SPEED SMALL CRAFT by Peter du Cone. A 
well-known designer of high-speed marine craft discusses 
the factors governing problems of design and construc- 
tion, including rudder design, use of reinforced plastics 
and light alloys, propelling machinery, and use of models 
for predicting behavior in rough water. 44 plates & 140 
drawings. $15.00 
[] ENGINEERING STRUCTURAL FAILURES by Rolt 
Hammond. A survey of the causes and results of failures 
in over a century of engineering, including earthworks. 
dams, harbor works, buildings, bridges, and underground 
works; with special consideration to failures due to vibra- 
tion, earthquake, subsidence, and in welded structures. 

12.00 
[] REASON AND CHANCE IN SCIENTIFIC DISCOVERY 
by R. Taton. Dr. Taton examines the relative role of active 
purpose and chance in the processes of scientific discovery. 
Steering clear of theory, he illustrates his thesis by prac- 
tical examples drawn from the lives and works of such 
distinguished scientists as poincaré, De Brogile, Bernard, 
Galileo, Roentgen, Becquerel, the Curies, Leibniz, Newton 
and others. Ilustrated. $10.00 
(1 CONSTRUCTING AN ASTRONOMICAL TELESCOPE by 
G. Matthewson. A detailed guide book for the expert as 
well as the beginner. Second revised edition, Fully illus- 
trated. $3.75 
(1) DICTIONARY OF MATHEMATICS by C. H. McDowell. 
A concise definitive dictionary for students and the general 
reader. Many illustrated examples. $2.75 
(HISTORY OF MATHEMATICS by Joseph E. Hofmann. 
In a wealth of detail Professor Hofmann explores the 
number systems and methods of ancient peoples, the role 
of the great translators of the Middle Ages, the problems 
and tensions of the Scholastic period. Numerous works of 
Renaissance and Early Baroque mathematicians are dis- 
cussed, hasizing devel ts which helped to pave the 
way for modern concepts. $4.75 
[] ERNEST RUTHERFORD: ATOM PIONEER by John 
Rowland. Lord Rutherford will be remembered most for his 
brilliant and revolutionary research into atomic physics, 
and as the result of his work, rapid progress was made 
towards the development of the atomic bomb, the building 
of power stations, and the utilizing of atomic energy for 
industrial purposes. Ilustrated. $4.75 
[7] ELECTRONIC COMPUTERS by Tf. E. Ivall: A non- 
mathematical introduction to the mechanism and applica- 
tion of computers employing valves and transistors. Both 
digital and analogue computers are covered, the bulk of the 
book being devoted to describing their circuitry, while 
their rapidly developing applications in industry, commerce 
and science are also outlined. In the final chapter, the 
future evolution of computers is discussed. 40 drawings 
and 25 photos. $10.00 
[] ELECTRICITY AND MAGNETISM by J. Newton. A 
detailed study of the phenomena and theory of electricity 
and magnetism. The author deals with current electricity, 
electrostatics, magnetic properties of materials, magnetom- 
etry and thermo-electricity, concluding with a survey sys- 
tem of units, electronic circuits and elementary atomic 
physics. The author is Senior Lecturer in Physics at 
Northampton Polytechnic, London. 4 plates, 261 figures. 

$10. 








[] SURGEONS ALL by Harvey Graham. The thrilling story 
of a thousand and one surgeons, beginning in prehistoric 
times, continuing through the great civilizations of 
Egypt, China and India, Greece and Rome, and down 
through the Middle Ages to the present day. In this in- 
spiring tale of man’s ceaseless struggle with disease and 
death, body-snatchers rub shoulders with princes, mounte- 
banks and witches jostle famoug surgeons. The account 
of the rise, fall and renaissance of surgery ends with a 
forecast of the astonishing prospects for the future. 
Numerous illustrations. 

[1 CLASSICS OF BIOLOGY by August Pi Suner. This 
Survey of the Study of Life, told by one of the foremost 
living biologists, illuminates the high-points of progress 
in this selence by fascinating glimpses into philosophical 
theories throughout the ages until reaching our present- 
day observational methods. The author is a former Presi- 
dent of the Academy of Medicine in Barcelona. $7.50 
TT ORIENTAL MAGIC by S. I. Shah. The first book in 
any language to correlate the magical tradition and tech- 
niques of the West with those of the Middle and Far 
East. The author is President of The Oriental Culture 
League. Illustrated. $7.50 
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LETTERS 


The editors take no responsibility for 
the content of the letters published in this 
section. Anonymous letters will not be con- 
sidered. Letters intended for publication 
should be typewritten double-spaced and 
submitted in duplicate. A letter writer 
should indicate clearly whether or not his 
letter is submitted for publication. For ad- 
ditional information, see Science 124, 249 
(1956) and 125, 16 (4 Jan. 1957). 


Passive Voice and Personal Pronouns 


R. V. Ormes’ judicious criticism of the 
passive voice [Science 125, 529 (1957)] 
reminded me, by contrast, of my own 
too sweeping indictment of it a year ago. 
A young chemistry major took my re- 
marks seriously and wrote a fofmal ac- 
count of experimental procedure entirely 
in the active voice, using the first per- 
sonal pronoun, The result was revealing. 
At least it convinced me that the passive 
voice is sometimes preferable to the ac- 
tive, and that criticism of it should be 
confined, like Ormes’, to its abuse. 

To illustrate, here is a passage on 
procedure, chosen at random from the 
Journal of the American Chemical So- 
ciety. The original reads: “The thick oil 
was dissolved in ether, the solution was 
extracted twice with dilute alkali, and 
the combined basic extracts were washed 
with ether. The ether solutions were 
combined, dried and evaporated to give 
2.8 g. of starting alcohol. The basic solu- 
tion was acidified with dilute sulfuric 
acid and extracted with ether. The ether 
layer was washed with water. . . .” 

Recast in the active voice, with the 
first personal pronoun, it reads: “We 
dissolved the thick oil in ether, extracted 
the solution twice with dilute alkali, and 
washed the combined basic extracts with 
ether. We combined the ether solutions, 
dried them, and evaporated them to 
give 2.8 g. of starting alcohol. We acidi- 
fied the basic solution with dilute sul- 
furic acid and extracted it with ether. 
We washed the ether layer. . . .” 

Except for the opening sentence, the 
original version is superior, primarily 
because it places the emphasis where 
emphasis logically belongs: on the proc- 
ess rather than on the agent. Coherence 
is better too: in the original, the sub- 
stance named at the end of one sentence 
tends naturally to become the subject or 
subject modifier at the beginning of the 
next (“. ether. The ether solution 

.’); in the revision, the reader is con- 
stantly brought back to “we” before he 
learns the next step in the on-going 
process. 

But having stated the obverse or 
counterpart of Ormes’ position with re- 
gard to the passive voice, I should like 
only to reinforce his position that the 
first personal pronoun is not an invari- 
able sign of immodesty or subjectivity; 
sometimes considerations of objectivity 





and responsibility, no less than of style, 
demand its use. Certainly avoidance of 
it is no guarantee of virtue; I recall one 
immodest self-reference that went some- 
thing like this: “Analysis of this problem 
is difficult, but after long deliberation, 
it was decided by this analyst to... .” 
Even worse is the pretense that beliefs 
are held and assumptions are made with- 
out danger of contamination from hu- 
man fallibility. “It is assumed” may be 
quite all right for reminding a reader 
of assumptions customarily understood 
when certain equations are used, but the 
reader should know when the assump- 
tions are original, and the simplest way 
to tell him is by saying “I have as- 
sumed... 5" 

After all, human agents are respon- 
sible for designing experiments, and they 
are present in the laboratory; writing 
awkward phrases to avoid admitting 
their responsibility and their presence 
is an odd way of being objective. P. W. 
Bridgman (Reflections of a Physicist, 
1950, pp. 57-58) puts it even more 
strongly: “In suppressing these personal 
expressions I am doing an unnatural 
thing that sometimes demands obvious 
circumlocutions and always involves an 
element of convention and construction. 
If I want to express what obviously 
occurs, I have got to use the first person. 
Has it ever been adequately proved, or 
has ever the assumption been adequately 
examined that in forcing myself to speak 
non-personally I have not thrown away 
something vital?” 

JANE J. Rosrnson 
University of California, Los Angeles 


University Responsibilities and 
Government Money 


I agree very definitely with Paul Klop- 
steg [Science 124, 919 (1956)] that the 
danger of government sponsorship of re- 
search is that of violation of the integrity 
of the universities in their research pro- 
grams. However, the proposals and the 
suggestions made by Klopsteg are, in my 
opinion, diametrically opposite to those 
which would solve the problem. 

In principle, Klopsteg proposes that 
whenever funds are granted to an insti- 
tution for a particular project by a gov- 
ernment agency, these funds should cover 
only part of the costs, and the remainder 
of the costs should be supported from the 
university’s research funds, thus fulfilling 
the obligation of the university to sup- 
port research. That this method of oper- 
ation would lead toward the domination 
of the over-all research activity of an 
institution by granting agencies can be 
made clear by the following example. 

Let us assume that a given institution 
has a total of $100,000 (including over- 
head) to distribute among its various 
research activities. In the absence of 
a granting agency, the institution can 
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‘a AD ELECTRONICS CORPORATION Ke ol a eae ata 
a soso ZY P. 0. BOX 606 + NEW BRUNSWICK, H. J. 
tely 43-20 34th Street, Long Island City 1, N.Y. ¢ EXeter 2-4500 
eak 5 pe Si i Samet 
way 
te ANATOMICALLY ACCURATE (SYNTHETIC) 
MINIATURE HUMAN SKELETON 
: 7 aS Superbly Adapted For Elementary Work 
Where Economy Is Important 
po Only 26 Inches Tall 
e 
re- Accurately Scaled A Wooden Case 
ed In Durable, Washable e And Plastic Cover 
ro- ; 
‘ies Synthetic Bone Are Included 
my Designed for use in high school biology courses, the miniature skeleton has 
lose proved of value in psychology, health, safety, first aid, and physical education 
courses. The low price enables the smaller schools to have at least one skeleton in 
hat the science department. The skeleton, with wooden case, weighs less than 20 pounds 
we making it easy to carry from room to room. 
stl- The wooden case is constructed to permit the rotation of the skeleton within the 
rOV- case. An illustrated key card on the door identifies the principal bones. This arrange- 
ver ment permits a student to study the guide and skeleton together in order to more 
der easily understand the skeleton. If desired, the skeleton can be removed from the case 
h and hung in a more convenient place. The hook on the skull provides for attach- 
t e ment to other types of support. 
ling . Each skeleton includes an attractive wooden case, plastic skeleton cover, and 
up- an illustrated key card. 
‘ lo skel is the 
Der- 2K500. MINIATURE SKELETON, Painted. The mus- 7220. SKBOO. bet the masesier orig nd ieertions 
rion cular origins are painted in blue, and the muscular in- are not painted. Many teachers — to ra the on 
i lar insertions and origins themselves, and the surfaces 
an sertions are in red on one side of the skeleton. Complete, - ‘cs ee valle tach Mae: Complete with 
with wooden case, plastic skeleton cover, and 2 illus- attractive wooden case, illustrated key card, and plastic 
be ( trated key cards. Each, $137.00 _ cover. Each, $115.00 
a W. M. WELCH SCIENTIFIC COMPANY 
. . . M. A RING COMPANY 
yer. Full, Life-Size Skeleton DIVISION OF W. M. WELCH MANUFACTURING 
ious ilable at $1%8,00 ESTABLISHED 1880 
: crm, Shao 1515 Sedgwick Street, Dept. E, Chicago 10, Illinois, U.S.A. 
. No. ZK500 Manufacturers of Scientific | and Laboratory Apparatus 
can ? 
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Ce 
mercury 
vapor 
detector 


tells instantly when a hazard exists 
in plant or lab atmospheres 





Meter is calibrated in mercury concen- 
trations for quick indication. The toxic 
limit is a full-scale reading on the high 
sensitivity scale of Model 23, illus- 
trated. Wt.: 7 Ibs.; size 13x 8%" x 
4¥2"'. Three models for varying ranges. 
Write for bibliography on the mer- 
cury vapor hazard, and literature on 
Kruger Mercury Vapor Meters. 


HAROLD KRUGER 
INSTRUMENTS 


BOX 164 * SAN GABRIEL, CALIF. 








The American Asaociation for the 
Advancement of Science announces 
three new symposium volumes of 
the utmost importance to psychia- 
trists, neurologists, clinical psy- 
chologists, physiologists, pharma- 
cologists, and biochemists—and of 
great interest to the general public. 


Tranquilizing Drugs 


6” x9”, 205 pp., 32 illus., refer- 
ences, index, cloth, March 1957. 


Price $5.00. AAAS Members’ cash 
order price $4.50. 


Psychopharmacology 


6” x9”, 175 pp., bibliographies, 
index, cloth, 1956. Price $3.50. 


AAAS Members’ cash order price 
$3.00. 


Alcoholism— 
Basic Aspects and Treatment 


6” x9”, 220 pp., 33 illus., refer- 
ences, index, cloth, May 1957. 


Price $5.75. AAAS Members’ 
cash order price $5.00. 


AAAS Publications 
1515 Mass. Ave., NW, Washington 5, D.C. 








Ace has a most extensive range of 
Funnels, listed on seven pages in 
Catalog “50,” including the complete 
line of Kimble brand separatory funnels. 


Whatever you need in laboratory 
glassware and related products, 
check Ace craftsmanship, budget 
prices and courteous service... 
Know why Ace is your best buy. 
Ask Dept. FN- E to send you 


Ace Catalog “50” 


Also in stock at our Midwestern 
Division, 639-41 South Hancock 
Street, Louisville, Kentucky. 


ACE GLASS INCORPORATED 

“a VINELAND #& NEW JERSEY 
°C); 639-41 SOUTH HANCOCK ST. 
Se LOUISVILLE, KY. 


4 =) 
GYlassdare Specialists to Industrig. and Research 
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choose, using its best judgment for the 
benefit of mankind, which individuals 
and research programs it will support 
with this fund. We must further assume, 
which is generally true, that the institu- 
tion would like to enlarge its research 
activities. This desire is certainly in line 
with the aims of Congress as specified in 
the formation of the National Science 
Foundation. To simplify our thinking, 
let us assume that the granting agency 
agrees to spend $5000 for 20 specific 
projects which it approves, provided that 
a corresponding and equal amount of 
money toward each of these projects is 
granted by the institution. Thus, the in- 
stitution can double its research activity 
and spend $200,000 on research, pro- 
vided that it undertakes projects ap- 
provable by the agency. On accepting the 
aid of the granting agency under this 
procedure, the institution becomes the 
servant of the granting organization, 
which effectively controls the whole re- 
search program at the university. Under 
the alternative system, the granting 
agency would support the total costs of 
ten specific projects at $10,000 each 
which are approved by the granting 
agency. At the same time, the institu- 
tion will retain its integrity with respect 
to the expenditure of the $100,000 which 
it originally had, and it may now devote 
this money to any ten research projects 
which it feels, or its scholars feel, are 
best, regardless of the views of the grant- 
ing agency. Thus the institution is no 
longer the complete slave of the grant- 
ing agency. 

Another insidious method of using the 
institution’s funds in the support of re- 
search approvable by a granting agency 
is that of requiring that the principal 
investigator, who devotes a material part 
of his effort to the work supported by the 
grant, shall do so without charging his 
time to the grant, thus forcing the in- 
stitution to carry his salary and its share 
of the overhead. In many cases, espe- 
cially in the case of small grants, this cost 
is as large as, or larger than, the grant 
itself, 

A further loss of control by the insti- 
tution of the direction in which its own 
funds may be used through the pro- 
cedure suggested by Klopsteg is brought 
about in a more subtle manner. When- 
ever a sponsoring agency fails to provide 
the full indirect costs of a project by 
limiting the allowance for them to 15 
percent of direct costs or to some other 
arbitrary figure that is less than the true 
cost, the institution is forced: to use a 
portion of its free funds to make up the 
difference. This must of necessity be true, 
since overhead rates are determined by 
distributing actual indirect costs over all 
programs, whether or not the overhead 
costs are provided by the granting agency. 
Since this indirect contribution to an 
added project through the failure to ob- 
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= tion that overhead funds are “uncom- 
mitted money” would appear to indicate 
=: his failure to understand the concept of 
o indirect costs. Expenses for which over- 
in- : 
vad head allowances are made must be paid Measures Mass 
by the institution. If the overhead allow- 
ro- * * ‘“ 
ances themselves are identified as “un- 
a committed money,” then other available DIRECTLY 
the “ . 9 
3 uncommitted money” must be used to 
3 pay for the overhead expenses. There MORE PRECISELY 
the : : “ . 
can be no net gain in “uncommitted 
BL, money” from overhead allowances in the eee and FASTER 
ial long run, for administrative costs must 
der be paid, research buildings and equip- than conventional 
ing ment must be maintained and replaced, Pe: 
of and the library facilities must be avail- Dilution Methods 
ch able for research workers. It is these costs 
ing that an overhead allowance is designed 
<u- to cover. It does not increase the volume 
ect of free funds in an institution. 
ich Cart C, CHAMBERS 
ote University of Pennsylvania, Philadelphia 
= ; The Cahn Electrobalance is an entirely new concept in micro 
are 


‘as: My purpose in publishing the article to weighing. It’s as portable as a typewriter and as easy to set up 
which Carl Chambers refers, and the one 


























any in the next following issue of Science, has and pene. 
been accomplished when thoughtful, ju- It is unaffected by vibration, variable temperature, air cur- 
re dicious persons like Chambers are moved rents or even by leveling 
si to comment on the problems discussed. > j 
acy Whether our views coincide or differ Sample is weighed by balancing against an electromagnetic 
l ee ee torque which is electrically controlled with high precision 
¥ nition of the problems, and action to q ’ y ” + ; 
7” solve them. Weighing chamber may be removed and operated by remote 
his It is quite impossible within the scope control. 
ine of a letter and a response to reconcile all | ‘ 
wah the divergent views, nor does it seem pos- 
pe- ale at all, for we are dealing with opie SWITCH SELECTS ANY ONE OF THESE FOUR RANGES: 
: ions based on appraisal and judgment of 
os facts and assumptions. What I shall at- Range Sensitivity Accuracy 
tempt to do is to clarify where it appears e Sie. { geen 2.5 mlcrogrems 
baal that Chambers misunderstood what I 0-10 mg. 2 caine 8.0 aicegrem 
wn tried to ile NES : . 0-20 mg. 5 micrograms 12.0 micrograms 
ro- One such Ree ees in his sec- 0-50 mg. 8 micrograms 30.0 micrograms 
ght ond paragraph in which he makes a con- — 
. ‘densed and, I regret, an erroneous para- Precision 0.02% Accuracy: About 0.05% of full scale. 
wf phrase of what I “propose in principle.” 
I do not propose that “whenever funds 
by are grante:. to an institution . .. by a Will No. 3276T Cahn Electrobalance complete with stirrups, supply of disposable 
15 government agency, these funds should _ aluminum pans, and set of 4 Class M calibrating weights ..........ee+e+++ $615.00 
her cover only part of the costs.” On the con- 
ay trary, in those research areas in which 
he by far the greatest volume of govern- 
ment money flows to the institutions, T e 
= h have anid ta all costs, direct and in- \ \ il C O RPO R ATION 
by direct, should be adequately covered. ee CR TSS 
all These areas are comparatively new in Bre : a — 
pad the research pattern at universities, hav- Specialists in Scientific Supply 
a ing come into being under OSRD dur- | ROCHESTER 3, N.Y. © ATLANTA 1, GA. + NEW YORK 12, N.Y. © BALTIMORE 24, MD. + BUFFALO 5, N.Y. 
b ing World War II. Most of the work is 
ot applied, not basic. SO. CHARLESTON 3, W. VIRGINIA 
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s pecify 


of microbiological reagents and media 


Peptones 
Enzymes 


in the preparation of Difco products assures 
UNIFORMITY 


Complete Stocks 


DIFCO LABORATORIES 


. . . the only complete line 


Culture Media 
Microbiological Assay Media 
Tissue Culture and Virus Media 
Serological Reagents 

Diagnostic Reagents 
Sensitivity Disks Unidisks 
Hydrolysates Amino Acids 

Enrichments Dyes 
Carbohydrates Biochemicals 


Antisera 


Indicators 


60 years’ experience 


STABILITY 


ECONOMY 


Fast Service 24-hour Shipment 


Difco Manual and other descriptive 
literature available on request 


DETROIT 1, MICHIGAN 























MICROMANIPULATOR 
“CAILLOUX”’ 


Unmatched flexibility of movements in all directions in 
space are achieved by natural hand movements under 
magnifications of 100 X to 2000 X without adjustment. 
The “Cailloux” advanced design combines maximum speed, 
precise response and stability with unusual ease of oper- 
ation. Back-lash, parasitic vibrations and lag are elimi- 
nated. Prolonged manipulations can be conducted without 
fatigue. Includes many additional exclusive features. 


LOW IN PRICE 
C. H. STOELTING COMPANY 


424 N. HOMAN AVE., CHICAGO 24, ILL. 
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CUSTOM MADE 


TOOL FOR THE ANALYSIS 
OF COMPLEX COLLOID SYSTEMS, AND FOR 
THE CONTROL OF PRODUCTION OF 

PURIFIED PROTEINS, ENZYMES, HORMONES 


KLETT MANUFACTURING CO. 
179 EAST 87TH STREET 
NEW YORK, N. Y. 


KLETT 


LECTROPHORESIS 
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The much smaller segment of research, 
aided by government, in which I strongly 
feel that institutions must maintain com- 
plete independence and integrity, is that 
which by tradition is the admitted re- 
sponsibility of the university. To preserve 
the essential freedom, it is necessary that 
institutions receive financial aid from 
many sources, so that they may support 
competent scholars on their faculties in 
their intellectual pursuits, with complete 
absence of extraneous intervention, domi- 
nation, or control. Money from private 
individuals and foundations assures such 
freedom. Money from government does 
not, since this is public money over which 
surveillance must be exercised in the 
public interest. If an institution, viewing 
a source of government funds as a vir- 
tually inexhaustible reservoir, insists that 
a grant or gift from such a source to help 
it in supporting scholarly research must 
cover fully every kind of outlay, direct 
and indirect, such insistence increases the 
danger of government control. This fol- 
lows, because such discussions about 
overhead bring into the argument fiscal 
questions by participants who lack un- 
derstanding of the ideals and functions 
of the university. 

In dealing with private sources of gifts. 
the point is seldom made by universities 
that such sources must accompany their 
grants by an additional 25 to 50 percent 
of the principal amount tendered to 
cover indirect costs. Generally, private 
gifts are happily accepted as tendered. 
and great good will continues between 
the institution and the donor. If private 
sources could be stimulated to provide 
sufficient funds to enable universities and 
colleges to carry on their important func- 
tions, as is discussed in my second article. 
the question of overhead on gifts would 
fade away. To my knowledge, it never 
arose before government money came 
into the picture. 

For a number of years, I have been in 
position to observe “from the inside” the 
increasing support of research through 
government funds. There is nothing in- 
sidious or sinister in the management of 
these funds by any agency. Those respon- 
sible for allocation and disbursement are 
honest, devoted public servants. Their 
duty to the taxpayer requires that they 
exercise judicious “control”; that is, they 
are responsible for seeing that funds un- 
der their supervision are handled prop- 
erly under applicable statutes and the 
rules and regulations that have been de- 
rived from them. Because I feel so keenly 
the need for preserving freedom of action 
for the institutions, both intellectually 
and administratively, I feel growing ap- 
prehension over the fact that, as financial 
support from a given source increases, so 
also does the amount of control from 
that source increase. 5 

If what I have written here and in my 
articles on these questions conveyed the 
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impression that I fail to understand the 
concept of indirect costs, it is only be- 
cause I failed to express myself clearly. 
During my many years as a business ex- 
ecutive, I have had long, practical ex- 
perience with that subject. Indeed, the 
problem of overhead is a perennial sub- 
ject of discussion, if not controversy, 
among cost accountants. In its practical 
applications, it must in some of its as- 
pects be handled arbitrarily. Probably it 
can never be settled to the satisfaction of 
everyone concerned with it. The use of 
the term true cost by Chambers implies 
a concept that is practically attainable. 
A method of determining the true cost 


of the contemplated basic research. of a 
faculty scholar would be a major contri- 
bution to the art of accounting. 

I respect Chambers and his views 
highly. I hope that it is not impertinent 
for me to say that the views are not un- 
familiar to me, for I have heard them 
expressed in many discussions with uni- 
versity administrators. If he and I could 
discuss them in person, which I hope we 
may do, I am sure that we could sub- 
stantially reduce our differences con- 
cerning the important questions under 
scrutiny here. 

Paut E. Kiopstec 
Glenview, Illinois 














THE “BRONWI 


LL” Warburg 


most compact-most versatile 
Warburg Available 


Model UV shown above, is a compact, circu- 
lar unit, only 20%” diameter, 31” high, ro- 
tatable thru 320° permitting any of the 
manometers to be quickly read. Model UVL 
equipped for photo-chemical work. 





*The trademark identifying products of Bronwill Scientific Division, Will Corporation. 


Requires only 


20%” of Desk Space 


Magnetic Temperature Setting. 
Highest Temperature Constancy 
+0.01° C. 

Cooling Coil Built In. 

Fastest to Set Up. Small bath (only 8 
liters) heats from ambient to 37°C in 
22 minutes. 


Rotatable thru 320°. 


e Calibrated—Interchangeable 


Manometers & Vessels Available. 
Available for Photosynthesis. 


EASY TO READ 





DOUBLE CAPILLARY 
MANOMETERS 


Single background scale—a 
sturdy single rod containing two 
capillaries. Available pre- 
calibrated—interchangeable— 
no more calibrating each time 

a piece is broken. 





BRONWILL SCIENTIFIC DIVISION 
WILL CORPORATION 











B R (@) N W ] L L 131 Gould St., Rochester, N.Y., Dept. $-67 
Please send full information on Bronwill Warburgs. 
SCIENTIFIC DIVISION Seen 
AES Sete) So cel e Banel,| be 
Position 
131 GOULD STREET Company 
ROCHESTER, N. Y. Address.. 
City. Zone State. 
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OPTICAL BARGAINS 


Fine, ey oy | Instrument at 
Over 50% Saving 


STEREO MICROSCOPE 


Up to 3” Working Distance— 


Erect Image—Wide 3 Dimen- 
sional Fleld 

Now, ready after years in de- 
velopment — this instrument 
answers the long standing 
need for a sturdy, efficient 
STEREG MICROSCOPE at 
low cost. Used in production 
—in research—in the lab, 
shop, factory, or at home; 
for inspections, examinations, 
counting, checking, assem- 
bling, dissecting—speeding up 
and improving quality control. 
2 sets of objectives on ro- 
tating ¢ turret. ‘Standard pair of wide field 10X Kellner Eye- 
pieces give you 23 power and 40 power. Additional eye- 
pieces available for greater or lesser magnification. A low 
reflection coated prism erecting system gives you an erect 
image—correct as to right and left—clear and sharp. Heli- 
cal rack and pinion focusing. Precision, American-made! 
Storage chest included. 10-DAY TRIAL . . . complete satis- 
faction or your money back. 

Order Stock No. 85,039-W (Shipping wt. approx. 11 Ibs.) 
oo oe +: $99.50 f.0.b. Barrington, N. J. 


Send Check or M.0. 








See the Stars, Moon, Planets Close Up! 
3” “PALOMAR, JR.” TELESCOPE 
60 and 120 Power — An Unusual Buy! 


Assembled—ready to use! You'll see the 
Rings of Saturn, the fascinating planet 
Mars, huge craters on the Moon, Star 
Clusters, Moons of Jupiter in detail 
Galaxies! Aluminized and overcoated 3” 
diameter high-speed f/10 ventilated mir- 
ror. Equatorial mount with lock on both 
axes. An Optical Finder Telescope, always 
so essential, is also included. Sturdy, 
hardwood, portable tripod. Order by 
Stock No. — Send check or M.0. — 
Money-back guarantee! 
Stock No. 85,050-W (Shipping wt. 10 Ibs.) 

$29.50 f.0.b. Barrington, N. J. 








MEASURING 
POCKET 
MICROSCOPE 
— 50 POWER 


No larger than an ordinary fountain pen, this handy pocket 
instrument is ideal for making direct reading measurements; 
for checking small parts and dimensions under powerful mag- 
nification. Speeds up quality control. Instrument contains a 
precision, glass etched reticle calibrated for measurements up 
to 1/10” by .001” divisions. Estimates to .0005” can 
easily be made. Chrome reflector at base of instrument reflects 
light on object examined or measured. Sturdy construction 
assures long, useful service. 


ee $7.95 Postpald 








BUILD A SOLAR ENERGY FURNACE 


A fascinating new field. You can build 
your own Solar Furnace for experi- 
mentation—many practical uses. It’s 
easy—inexpensive. We furnish instruc- 
tion sheet. This sun powered furnace 
will generate terrific heat—produces 
many unusual fusing effects. Sets pa- 
per aflame in seconds. Use our Fres- 
nel Lens—14%” diameter 


f.l. 14”. 
Stock No. 70,130-W package of 1 .. $6.00 Postpaid 
Stock No. 70,131-W package of 2 .. 11.00 Postpaid 


Stock No. 70,132-W package of 4 .. 20.00 Postpaid 





WRITE FOR FREE CATALOG-W 


Huge selection of lenses, prisms, war surplus optical Instru- 
ments, parts and accessories. Telescopes, microscopes, binocu- 
lars. Hand spectroscopes, reticies, mirrors, Ronchi rulings, 
dozen of other hard-to-get optical items. Ameriea’s No. 1 
source of supply for Photographers, Hobbyists, Telescope 
Makers, ete. Ask for catalog W 





Order by Stock No. — Send Check or M.0. 
Satisfaction Guaranteed 


EDMUND SCIENTIFIC CO. 


BARRINGTON, NEW JERSEY 
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EQUIPMENT NEWS 


The information reported here is ob- 
tained from manufacturers and from 
other sources considered to be reliable. 
Science does not assume responsibility 
for the accuracy of the information. All 
inquiries concerning items listed should 
be addressed to Science, Room 740, 11 
W. 42 St., New York 36, N.Y. Include 
the name(s) of the manufacturer(s) and 
the department number(s). 


™ PULSE GENERATOR provides repetition 
rates up to 100,000 pulses/sec as well as 
a manual trigger for single pulses. Maxi- 
mum rise and fall times are 0.018 sec. 
Pulse width is continuously adjustable 
between 0.05 and 100 sec. Maximum 
pulse amplitude of either polarity is 50 
v into 50 ohm. Attenuation of 59.5 db 
in 0.5 db steps produces no pulse deg- 
radation. Hard-tube circuitry is used 
throughout. (Allen B. DuMont Labora- 
tories, Inc., Dept. S313) 


MSURVEY METER is available either as 
a beta counter with a 3 to 4 mg/cm* 
end window or as an alpha-beta-soft 
x-ray counter with a 1.4 to 2 mg/cm? 
window. Maximum counting rate is 50,- 
000 count/min or 20 mr/hr. A radio- 


active sample is built in for calibration. 
(Nuclear Measurements Corp., Dept. 
$329) 


® OIL-BATH THERMOSTAT for the tempera- 
ture range from ambient to 260°C is 
stirred by the magnetically actuated up- 
and-down motion of a base plate. This 
mode of operation is said to provide the 
advantages of greater. work space and 
uniform distribution. Control sensitivity 
is 0.25°C. Three standard sizes are avail- 
able, wired for either 115 or 230 v. 
(Blue M Electric Co., Dept. $342) 


® TUBE FURNACE is capable of heating to 
5000°F in approximately 2 hr. The heat 
zone is 12 in. long and 3 in. in diameter. 
Carbon resistors are the heating ele- 
ments; electrodes are water cooled. Elec- 
tric interlocks shut down the furnace 
automatically on failure of the water 
supply. The furnace may be equipped 
with either Ignitron-Thyratron-type or 
saturable-reactor-type power control. 
(Wheeler-Knight and Gainey Inc., 
Dept. S346) 


™ POWER SUPPLY furnishes all the power 
required to operate the Beckman model 
DU spectrophotometer, eliminating the 
need for storage battery and dry-cells. 
Power for ultraviolet accessories is also 
provided. According to the manufac- 
turer, the new power supply improves 
the over-all operating stability of the 
spectrophotometer, Dimensions are 62 
by 11 by 22 in. Weight is 35 lb. Input 
power is 50 to 60 cy/sec, 115 v, 350 w. 
(Beckman Instruments Inc., Dept. $347) 





™ LIQUID LEVEL CONTROL is of explosion- 
proof design. The detector is capacitance 
actuated, converting changes in level to 
directly or inversely proportional pneu- 
matic output. Probes are rigid, rod- 
shaped structures having no moving 
parts. (Robertshaw-Fulton Controls Co., 
Dept. S343) 


® BLOOD-GROUPING REAGENT, Called Anti- 
A, Lectin, is said to produce more rapid 
and clear-cut agglutination of A, and 
A,B specimens of human blood. The re- 
agent is extracted from the seed of an 
Indian legume, Dolichos biflorus and 
purified by fractionation; it is available 
in 2-cm* dropper vials. (Hyland Labora- 
tories, Dept. $349) 


® ELECTRONIC SWITCH controls up to 500 
watts of power, either delivered at 115 v, 
60 cy/sec, or switched by its internal 
contacts. Minimum input impedance is 
2 Mohm. The switch may be actuated 
by a contact closure. A rear-mounted 
terminal strip provides access for selec- 
tion of switching functions. Autron Engi- 
neering Inc., Dept. S336) 


™REMOTE POSITIONING DEVICE is based 
on 360-deg potentiometers with taps 90 
deg apart. A receiver and transmitter 
potentiometer are used in a self-balanc- 
ing bridge network. Imbalance of the sys- 
tem produces error signals that actuate 
a direct current motor, through a relay, 
to adjust the receiving potentiometer to 
balance. The maximum follow-up rate 
of the receiver is 60 deg/sec. Accuracy 
is said to be + 0.5 deg. (Air Marine Mo- 
tors, Inc., Dept. S341) 


® RATIO PLOTTER accepts two alternating 
voltages produced by transducers and 
plots their ratio continuously on a strip- 
chart recorder. The input voltages are 
fed into identical amplifiers and recti- 
fiers in separate channels. A range of 
four full-scale settings permits plotting 
of ratios from 0 to 0.2, 0 to 1, 0 to 10, 
and 0 to 100. Frequency response is +2 
percent from 5 to 2000 cy/sec and +2.5 
percent from 2 to 4 kcy/sec. Chart speed 
is variable from 6 to 960 in./hr. (Barry 
Controls Inc., Dept. $337) 


® OXYGEN INDICATOR measures as little as 
2 ppm of oxygen in hydrogen or inert 
gases in the presence of up to 3 percent 
CO. The gas being tested is passed over 
a catalyst which causes any oxygen pres- 
ent to combine with hydrogen and de- 
tects the heat evolved. Hydrogen is gen- 
erated, if necessary, by an electrolytic 
cell built into the indicator. The electric 
signal provided by the thermopile used 
to detect the rise in temperature is indi- 
cated and recorded by a potentiometer. 
(Baker and Co., Dept. S344) 

JosHUA STERN 
National Bureau of Standards 
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MODEL 1200 





Fully automatic fraction collection by timed-flow, or volumet- 

ric measurement. Utmost accuracy from 3 cc. to 90 ml. with 

standard receiver plates. Plates hold 400 13 mm, and 25 100 

‘ mm test tubes 8 inches long. Standard equipment includes 

= heavy-duty worm-gear reduction motor with indexing mech- 

SEARCH EQUIPMENT CORPORATION anism, 2 receiver plates, 4 stainless steel support posts, volu- 

metric syphon assemblies and Timer/Controller. Drop counter 
1135 Third Street, Oakland, California and accessories available. 
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- ELECTRIC MICROTOME KNIFE STROPPER* 


ecti- 


i . STROPS KNIFE TO KEEN, UNIFORM CUTTING EDGE 
£2 
ae 
eed 
arry 


Much faster and more accurate than old hand- 
stropping methods. Merely run blade over special 
compounded wheel four or five times each side. 
Knife holder and support plate adjustable for differ- 
ences of bevel on various knives. For further data 
write for Technical Bulletin 23-122. 


60070. Grey finished housing, 13% inches wide, 11 
inches deep, 9 inches high. For 115 volts A. C. 
Complete with charged stropping wheel and extra 
supply of stropping abrasive for recharging. 
Eaeh $275.00. 
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PERSONNEL PLACEMENT 














CLASSIFIED: 18¢ per word, minimum 
charge $3.60, Use of Box Number 
counts as 10 additional words. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below — 
charge for Box Number. Monthly 
invoices will be sent on a charge 
account basis — provided that satis- 
factory credit is established. 


Single insertion $22.00 per inch 
13 times in 1 year 21.00 per inch 
26 times in 1 year 20.00 per inch 
52 times in 1 year 19.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 


Replies to blind ads should be addressed 
as follows: 
Box (give number) 
Science 
1515 Massachusetts Ave., NW 
Washington 5, D.C. 


(iii Postrrons wanrep ji 


Biochemist, Ph.D., woman. Desires teaching 
and/or research position; 13 years’ postdoctoral 
research steroid hormones, Box 180, ee 




















Biochemist; Ph.D.; 12 years’ experience in 
pharmaceutical industry; 4 years, research 
chemist and group~leader; 8 years, director of 
research. Medical Bureau, Burneice Larson, Di- 
rector, 900 North Michigan Avenue, Chicago. 





Biochemist, 33; M.S., Ph.D. candidate; 18 
months, industrial research; 4 years half-time, 
cancer research, isotopes, isotope clinic, De- 
sires position associated with clinical chemistr 
Box 172, SCIENCE, x 





Entomologist, M.S., course work toward Ph.D. ; 

6 years’ conducting and supervising insecticide 
evaluation program government laboratory. De- 
sires opportunity for research acceptable as doc- 
toral dissertation. Married, 2 children. Box 178, 
SCIENCE 





Medical-Science Writer; 42; 12 years news- 
paper, newsmagazine; 4 years university Public 
relations, University or industrial, western aE 
preferred. Box 160, SCIENCE. 6/7, 





Microbiologist with Familiarity. Microbiologist 
with strong background in anatomy and physiol- 
ogy to share teaching load in a two-man biology 
department of a small New England college. 





Box 165, SCIENCE. 2 
Microbiologist, Ph.D. Experienced; interested 
biochemical analysis, cytochemistry, photo- 
microscopy, infectious diseases, metabolism. 
Publications. Box 181, SCIENCE. x 





Physiologist-Biologist, Ph.D. Desires teaching 
Position in college or medical school; teaching 
experience and research in general and a 
malian physiology. Box 182, SCIENCE. 


FAM Postrions oPEN [III 


(a) Associate Director of Clinical Research or 
physician interested clinical research but not 
with specific experience; large pharmaceutical 
company; contract in accordance with experi- 
ence; East. (b) Neurophysiologist or Physio- 
logical Psychologist interested in career in audi- 
tion research; preferably Ph.D.; new labora- 
tory; university affiliation; long-range research 
program; West. (c) Pharmaceutical Research 
Chemist; preferably Ph.D.; new product depart- 
ment, large pharmaceutical company; university 
city; Midwest; $7500-$9000. (d) Senior Re- 
search Associate, division of physiology and 
pharmacology, pharmaceutical company ; prefer- 
ably Ph.D. in physiology with training in bio- 
hemistry; East. (e) Director, Agricultural De- 
velopment Staff; should be competent public 
speaker ; considerable travel; D.V.M. required; 
international chemical and pharmaceutical manu- 
facturing company. S6-1 Medical Bureau, Bur- 
neice Larson, Director, 900 North Michigan 
Avenue, Chicago. x 














INK POStr10Ns OFEN |i 


Assistant Pathologist to Dr. David R. Meranze; 
board certified or eligible; major general hos- 
pital; medical school affiliated; active teaching 
and research institution; highly qualified staff. 
Albert Einstein Medical Center, Southern Divi- 
sion, Fifth and Reed Streets, Philadelphia 47, 
Pa. 5/24, 31; 6/7 








Biochemist: B.S. or M.S. to assist in basic re- 
search program with mone laboratory lo- 
cated in metropolitan New Yor xperience in 
enzymology, respirometry, and “clinical chem- 





istry essential. Write full details. Box 177, 
SCIENCE. x 
Director, diagnostic and research tuberculosis 


laboratory, central Florida, physician or non- 
physician microbiologist or clinical chemist. 
Part-time employment will be considered. Write 
Dr. Albert V. Hardy, Director, Bureau of Lab- 
oratories. State Board of Health, P.O. Box 210, 
Jacksonville, Florida. uc 





The Market Place 


BOOKS + SERVICES + SUPPLIES » EQUIPMENT 








DISPLAY: Rates listed below — no 
charge for Box Number. Monthly 
invoices will be sent on a charge 
account basis — provided that satis- 
factory credit is established. 

Single insertion $22.00 per inch 

13 times in 1 year 21.00 per inch 
26 times in 1 year 20.00 per inch 
52 times in 1 year 19.00 per inch 
For PROOFS on display ads, copy must 


reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 











Applications are invited for the positions of 
HEADS OF THE DIVISIONS OF PHYS- 
ICS AND CHEMISTRY of the Saskatchewan 
Research Council. Applicants should have a doc- 
tor’s degree or its equivalent and 6 to 8 years’ 
research experience, saciuomg 6 years in super- 
vision of investigational work 

The field of interest of the Saskatchewan Re- 
search Council includes both pure and applied 
science but is mainly directed to matters affect- 
ing the economy of the Province. Within this 
field the work is widely diversified. The Coun- 
cil’s laboratory building is now under construc- 
tion on the grounds of the University of Saskat- 
chewan and is expected to be ready for 
occupancy in April 1958. Applicants should be 
prepared to join the Council before that time in 
order to participate in planning the initial pro- 
gram of research. 

Inquiries are to be addressed to Dr. T. E. 


Warren, Director, Saskatchewan Research 
Council, University of Saskatchewan, Saska- 
toon, Saskatchewan. 6/14, 21 





Librarian for midwestern medical research in- 
stitute with growing library and scientific — 
Box 179, SCIENCE. 








| BOOKS AND MAGaZzINEs |i 








eke ” _ | Sets and runs, foreign 

SCIENTIFIC and domestic. Entire 
libraries and smaller 

PERIODICALS , 

and BOOKS collections wanted. 


WALTER ]j. JOHNSON, INC. 
111 Fifth Avenue, New York 3, New York 











Your sets and files of 
scientific journals 
are needed by our — and institutional cus- 
tomers. Please send us lists and description of 
a files you are willing * wih at igh mar 
et prices, Write Dept. A3S, J NN 
Datos is ‘oaod is 








New World-Wide Summer Placement Directory: 
1000’s of summer jobs in 48 states, over 20 
foreign lands. Study awards, ranches, resorts, 
earning trips abroad, camps, and so forth. Jobs 
are filled early so don’t wait, send $2 now. 
CRUSADE, _— Box 99, Station G, Brook- 











lyn 22, N.Y eow 
* 
Pharmacological 
Research 
© 


Interesting assignment available in our 
new research laboratory for an assistant 
Neuro-Pharmacologist. Prefer candidate 
with M.S. degree or equivalent. Some ex- 
perience in field desirable but not re- 
quired. June graduate will be considered. 
Kindly apply in writing to Personnel 
Department 


SCHERING CORP. 
Manufacturer of Fine Pharmaceuticals 
60 Orange St., Bloomfield, N 














Plant Pathologist, Entomologist, Two positions 
open. These are major positions in West Coast 
biological research laboratory of major chemical 
company. Ph.D. desirable but equivalent experi- 
ence acceptable, Excellent opportunity for career 
in eel chemical industry. Box 183, 
SCIEN x 





Research Assistant, B.S. or M.S. Conscientious 
person with good college record in chemistry 
and/or biology and willingness to learn. Desired 
for work on the central nervous system employ- 
ing biochemical and biophysical techniques, Sal- 
ary level consistent with 1 training and experience. 
Midwest. Box 161, SCIE 

$/3i, a7, 14, 21, 28, 7/5, 12 





Zoology Department, Duke University. Applica- 
tions for part-time positions in teaching and 
research are invited. Applicants with a master’s 
degree and teaching experience will be favored. 
These openings provide generous opportunities 
for participating in course work and research 
as the Ph.D. Inquire of Dr. Karl M. Wil- 
Chairman, Department of Zoology, Duke 
Velsecslen Durham, N.C. 5/24, 31; 6/7 
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SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Volumes bought at top on 
————————_ Your wants supplied f 

our Back Files of over 3,000,000 Seriodiosia. 
Abrahams Magazine Service; N. Y. 3, N. Y. 
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|Rats from the Wistar Strain| 














& e 

=| Laboratory Animals 

g since 1929 

< ALBINO FARMS, PO Box 331 5 
ro} RED BANK, NEW JERSEY 

| 


Swiss Mice — Albino Rabbits | 








YOU can TELL and SELL 
more than 33,500 scientists 
here .. . at a very low cost. 


Your sales message in an ad this size ceste only 
$55.00 at the one-time rate—leea for multiple in- 
sertions. And the results!—well, here’s what ene ef 
the many satisfied advertisers in SCIENCE hes te 
gay 


“SCIENCE \s consistently oer most 
mediam. Business secured solely thre 
pa been the backbone of our success In this 





“We earry a considerable amoant of advertising 
In varlous periodicals, but none Is se productive 
of resaits as SCIENCE.”” 


Prove to yourself the effectiveness of SCIENCE in 
increasing your Market, Sales and PROFITS—eend 
your ‘‘Copy’’ NOW—or write for further information 
and Rate Card No. 29-A. 


SCIENCE ad! Wott? Ry. 
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iilliPROFESSIONAL SERVICES |i | 











LaWall & Harrisson 


iv. S, 1921 Walnut St., Philadelphia 3, Pa. 





Food « Drug PROBLEMS 





\j|SUPPLIES AND EQUIPMENT |jjj 














| TACONIC 
ARMS 


GERMANTOWN NEW YORK 
GERMANTOWN 3555 








Send for booklet 
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BACTERIOLOGICAL AND GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 
HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 








THE JUNIOR 
Garceau 
Electroencephalograph 
Price $575.00 complete. 
No Batteries 
Requires no Shielding 
Prompt Delivery 
A.C. Operated 
Inkless Writing 
Shipped Ready to Run 
ELECTRO-MEDICAL 
LABORATORY, INC. 
South Woodstock 2, Vermont 


ALBINO RATS 


Our mass production methods insure 
greatest uniformity and consistency 

















Price list on request 


DAN ROLFSMEYER CO. @ Ph. 6-6149 
Route 3, Syene Road, Madison, Wisconsin 











STAINS—GURR’S—INDICATORS 
FREE PRICE LIST 
ESBE LABORATORY SUPPLIES 
459 Bloor St., W. Toronto, Canada 

















ULTRAMICRO 


ELECTROCHROMATOGRAPHY 


KARLER-KIRK UNIT 
.... WRITE FOR DATA ——> 








MICROCHEMICAL SPECIALTIES CO. 








SPRAGUE-DAWLEY, 
INC. 


PIONEERS IN THE 
DEVELOPMENT OF 
THE STANDARD 
LABORATORY RAT 


OUR PLEDGE: Our insistence 
on the highest possible quality 
will never be sacrificed to 


quantity. 


Sprague-Dawley, Inc. 
P.O. Box 2071 


Madison 5, Wisconsin 


Phone: CEdar 3-5318 











7 * ? ae the hand of 
albino rats |. wera! 
Hypophysectomized 

Rate 
a of ~ 
oragneDeniep 
istar Strains 
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HENRY L. FOSTER, D.V.M. 
President and Director 





THE CHARLES RIVER BREEDING LABS. 
Dept. B, Wilmington, Mass. 




















Rte. 4, Box 205 
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HoLtzMAN CoMPANY 


Our continuous efforts to maintain the superiority of the Holtzman strain 
of albino rats are centered on the environmental, nutritional, and breed- 
ing aspects. We submit that your published report may be more accurate 
if you state that the rats were procured from us. We believe they are 
better than those produced elsewhere. 


Madison, Wis. 






Phone ALpine 6-5573 


1169 




















Vol. 8 JUNE 1957 Approx. 500 pages 


ANNUAL REVIEW OF 


PLANT PHYSIOLOGY 


Prefatory Chapter 

Apparent Free Space 

Mineral Nutrition of Plants 

Nitrogen Metabolism in Plants: Ten Years in Retrospect 

Photochemistry of Chlorophyll 

Biochemistry of Chloroplasts in Relation to the Hill 
Reaction 

Auxin Relations in Roots 

The History and Physiological Action of the Gibberellins 

Stock and Scion Relations 

Ascent of Sap 

Drought Resistance in Plants and Physiological Processes 

The Sugarcane Plant 

Mass Culture of Algae 

Permeability of Plant Cells 

Physiology of Phloem 

Physiological Ecology 

Physiological Genetics 

Effects of Antibiotics on Plants 

Soluble Oxidases and Their Function 


$7.00 postpaid (U.S.A.) ; $7.50 postpaid (elsewhere) 


ANNUAL REVIEWS, INC. 


Grant Avenue 
Palo Alto, California 























PHOTOVOLT Line-Operated 
Multiplier FLUORESCENCE METER 
Mod. 540 





e High-sensitivity for measurement of low concentrations 
(full-scale setting for 0.001 microgram quinine sulphate) 
e@ Micro-fluorimetry with liquid volumes as low as 1 ml 
e Low blank readings, strict linearity of instrument response 
@ Universally applicable due to great variety of available fil- 
ters, sample holders, adapters and other accessories 
e Interference filters for high specificity of results and for 
determining spectral distribution of the fluorescent light 
e High-sensitivity nephelometry for low degrees of turbidities 
e Fluorescence evaluation of powders, pastes, slurries, and 
solids, also for spot-tests on filter paper without elution 


Write for Bulletin #392 to 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 











The purpose of the pump is to produce artificial 
breathing. A mechanically operated valve is 
synchronized with the stroke. When the pump has 
reached its maximum on the pressure side, the valve 
disconnects the flow of air to the lungs and exhalation 


takes place naturally. The mechanical valve through 


which air is pumped is so made that oxygen or gas 
mixtures may be added. A special feature of this 
unusual pump is that the piston is always driven to the 
top of its chamber; as a result no air is left in the 
chamber at the end of a stroke. The volume can be 
adjusted from maximum to minimum while the pump 
is in operation. The bar over which the adjusting pinion 
travels has been conveniently graduated. Thus the 


volume may be varied from zero to 500 cc per stroke. 
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No. 70-879—Nine, ten, eleven and twelve inch driv- 
ing pulleys are supplied. A size A V-belt will fit these 
pulleys. Overall dimensions, 14” wide, 29” long, 23” 
high. 


Price without motor and Variable Drive . . $475.00 each 


No. 70-8791—Same as No. 70-879 except with a 
motor including a drive which gives infinitely variable 
speeds, ranging from 0-45 per minute. 


Price of pump complete-with motor and Variable Drive 
$745.00 each 


PHIPPS ABIRD, ine. 


Manufacturers & Distributors of Scientific Equipment. 


6th & Byrd Streets - Richmond, Va. 


=. 2s 
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Magnification of blood sample from leukemia victim, showing extreme 
white cell-to-red cell imbalance. White cell level 250 times greater than normal. 





Beckman ox DK automatic Recording Spectrophotometer 
: speeds research in leukemia 


a Seeking to stop leukemia, medical scientists have learned 
| al how to slow it down. Inhibitors have been found that tem- 

- porarily stop the abnormal production of leucocytes, white 
. : ‘ blood cells. But, because the body develops resistance to 
these present inhibitors, white cell metabolism must be 
better understood and more selective inhibitors discovered 
to permanently stop abnormal production of leucocytes. 


Leucocyte-inhibitor reaction is studied by introducing a 
radioactive assimilate into the environment of leucocyte 
samples, both in the presence and in the absence of an 
inhibitor. To determine what metabolic use the leucocytes 
make of the radioactive substance and what effect the inhib- 
itor has on this process is a big analytical job. 
Beckman DK-2 gets the job done twenty times faster 
More time ‘ BF gore ne emgana of this bis — the be = 
ractions, measuring each fraction on a spe¢tropho 
for a meter for ultraviolet deeation, and plotting results — an 
in research... almost insurmountable task without a high-speed auto- 
‘s ’ —_ ‘ matic instrument. The medical researchers faced with mak- 
ing these thousands of analyses have found that the Beck- 
man DK-2 Automatic Recording Spectrophotometer is 
20 times faster than manual measurement and recording. 


Whenever analysis in ultraviolet, visible, or near-infrared 
ranges is required, the speed and precision of the Beckman 
DK-2 can accelerate research significantly. For details, see 
your Beckman dealer, or request Data File 2L-27-38. 









Beckman: 
with the Beckman DK-2 . Scientific Instruments Division 
‘ “ h : hear 2500 Fullerton Road, Fullerton, California 
Recording Spectr op: otometer a division of Beckman Instruments, Inc. 
3 Responsible new positions in engi ing, facturing, technical marketing. Write for Career File 10. 








COMPLETELY NEW LINES 


BY AMERICAN OPTICAL COMPANY 


MICROSTAR 


LABORATORY MICROSCOPES 


Outstanding Features: 


e@ Advanced styling and design 

e Interchangeable and reversible bodies 
e Rigid, well balanced arm 

e@ Focusable stages ...Variable autofocus 
e Wide selection of mechanical stages 

e Dual cone revolving nosepieces 

@ Zone of convenience 

e Built-in base illuminator 

© Top quality optics 

e New EPOXY finish 


Plus 


Wide variety of accessories and alternate parts 
. readily inter changeable to meet future needs. 


. oe ee ee ate eee ee Gee ee eee ee ae Gee Ge Gee ae Gee ae ae ae Ge Ge Ge Ge Gee Ge ae ae ae ae eee ee ae ae eee ee ae ee Ge ae ae ae cae ame 


ap 9 CYCLOPTIC 


sSeencen 


> ta STEREOSCOPIC MICROSCOPES 


Outstanding Features: 


e@ True three-dimensional erected image 
@ Top quality optics...low reflection coated 
e@ Reversible and inclined body 
e@ Long working distance 
@ Large field of view 
@ Wide range of magnifications 
e Broad selection of models 
@ Dove-gray EPOXY finish 
e@ New Cyclospot [luminator 
e LOW PRICE 
Plus — 
Revotutionary MAGNI-CHANGER 


. . . desired magnifications simply 
“dialed in’’! 














Dept. R1 
\ : ) ‘ Gentlemen: 
) ve ae O Please rush new CYCLOPTIC brochure SB 56 
MN rt a I ( pl If d | O Please rush new MICROSTAR brochure SB 124 


Company iia 


Address 
City Zone State. 


DEFENSE PRODUCTS PLANT © KEENE. NEW HAMPSHIRE 








‘INSTRUMENT C'VISION BUFFALO 15, NEW YORK 











